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CHAPTER I . 
INTRODUCTION 
This study seeks to identify and e xami ne possible economic 
trade-offs between environmental and energy problems arising from 
agricultural production. Sediment and phosphorus concent r ation 
levels in the Nishnabotna River in Iowa , resulting from soil 
erosion and water runoff associated with various farming practices; 
are constrained in a linear progranuning context in order t o meet 
specified water quality s tandards. Similarly, energy consumption 
levels are constrained in order to examine interrelationships 
with farming practices and agricultural production . In addition, 
four sets of price and cost combinations are introduced into the 
analysis in order to determine varying economic impacts of energy 
and environmental policy options. The analysis is applied to the 
Nishnabotna River Basin of Western Iowa , where related studies have 
been carried out over the past decade as foundations for this 
study . 
Earlier Work 
National concerns regarding compatabili ty between applied 
technologies, decreasing energy supplies and maintenance of natural 
resource productivity, present important problems facing our nation. 
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The outcome of decisions respecting the r esolut ion of these problems 
will likely af fec t future national levels of environmental quality, 
natural resource conse rvation and produc t ivity . A major part o f the 
c oncerns for environmental quality, natural resource conse rvation and 
produc tivity and ene rgy use and their effects on nationa l economic 
growth is centered on the agricul tural sector . Specific focus in this 
study is the wate r quality aspec t of environmental protection. Seay 
(67, p. l) r eviewed and emphasized national concerns f o r wate r quality . 
In addition, and particularly due to OPEC price hikes f o r oil in 1972 
and 1974, a major national effort has become centered around energy 
conservation (16, 19, 20 , 58). 
The linear programming procedure employed in earlier studies (13, 
48, 60) has demonstrated its usefulness in guiding polic y decisions 
regarding water quality management, soil erosion control and abatement 
costs. Pavelis and Timmons (60) i n their 1958 s tudy of the Nepper 
Wate r s hed demons trated the appropriateness of linear programming as 
a tool for analysis and policy-making in the development of small 
watersheds. Continuing in 1963, Landgren et a l. (48) showed again 
through the use of a linear programming model in the Spring Valley 
Creek Watershed, that l and management adjustments on individual farm 
units within the wate r s hed concept , could provide accep table means of 
achieving e ffective con trol of soil e rosion a nd water r unoff . In 1968 
Cormack and Timmons (13) in their s tudy of the Hound Dog Creek Watershed 
concluded that by adopting land use a nd conservation practices into 
profit maximizing farm plans, e ros ion and runof f could be reduced. 
3 
Seay (67) expanded the analysis from a watershed type model to the 
Nishnabotna River Basin in 1970. He also developed and applied the 
basic elements of the model from which the present study is developed, 
embracing a minimum cost approach to achieving certain wate r quality 
standards. Seay's model dealt only with suspended sediment which 
estimated the cost of obtaining the most stringent water quality levels 
at $7 and $26 million for the Basin, depending upon the kinds and 
effects of the technology employed. Following Seay, in 1972, Jacobs 
and Tinunons (43) enlarged the model to include phosphorus as an addi-
tional constraint along with sediment . The Seay and Jacobs and Timmons 
s tudies found that substantial costs would be imposed on farm operators 
a nd owners by requiring water quality standards to be met. 
Study objectives 
Building on the work of earlier studies, this study seeks to 
determine in an economic framework the interrelationships between energy 
and environmental issues as related to agriculture through the following 
objectives: 
(1) To develop an analytical framework for estimating the impact 
on agricultural income of achieving various water quality 
constraints. 
(2) To provide an economic estima.te of how s ensitive such 
environmental quality constraints are to various energy use 
options . 
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(3) To examine the impacts of various price and cost combinations 
on the problem of interrelated energy use and environmental 
quality. 
(4) To suggest further research needs . 
I n order to accomplish the first objective , specifications of 
various biological, physical and economic linkages are needed. To do 
this , data were obtained on the following: (1) various technological 
means and associated costs of producing various farm products, (2) di-
rect relationship between farm production technologies, soil erosion, 
and siltation delivery ratios, and (3) relationship between the r esidual 
pollutants and water quality cri t e ria for various water uses. 
In pursuing the second objective, data on energy consumption of 
each particular farm activity became necessary . 
The third objective is designed to provide insight on how various 
levels of costs and prices could impact the achievement of environmental 
and e nergy policy options . 
Fourth, further research needs suggested by the study are presented. 
Analytical approach 
The linear programming framework chosen for this study allows the 
specification of various quality differentiated s upplies and demands 
for water ln a localized region, specifically the Nishnabotna River 
Basin in Southwes t Iowa. The model estimates the minimum cost approach 
given a range of various water quality parameters . The analysis also 
includes energy use const r ained at specified levels. This requires a 
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large amount of data, some of which can only be based on estimates, 
due to lac k of precise data. Qualifications of such estimates are 
specified when used. Despite such limitations, the study does provide 
relevant considerations for policy development. 
Report organization 
Chapter I introduces the s tudy and summarizes previous work 
relevant to this research. In addition, specific objectives and general 
procedures are stated . Chapter II deals with the linkages of the 
various physical, economic and institutional cons traints, and presents 
several important considerations relative to policy deve l opment. In 
Chapter III, the mode l is presented and explained, with the results 
from application of the model presented in Chapter IV. Chapter V 
presents conclusions and recommends further research suggested by the 
study. 
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CHAPTER II. 
AGRICULTURE\S ROLE IN THE ENVIRONMENT AND ENERGY BALANCE 
On the macro level, Timmons (72) has characterized the interrela-
tionships between the physical , economic and institutional arrangements 
in our society. Thus with any objective that society deems appropriate, 
such as environmental quality, soil and water conservation or agricul-
tural production, the resources used are constrained by what is tech-
nologically possible, economically feasible and institutionally 
permissible. In addition, the individual farmer may have different 
objectives than society, and may face , therefore, additional constraints. 
Therefore , it appears that the goals of the individual farmer and the 
constr aints placed on him by public agencies and institutions become 
relevant in motivating his (natural resource use) decisions . It is , 
therefore, suggested that the following linkages exist between the 
individual farmer's goals and his use of resources . 
ECONOMICS 
~I 
Energy~ Environment 
Farmer ' s Goals k: 
;11 
TECHNOLOGY 
~ 
INSTITUTIONS 
The availability and limits of the three main constraints 
(technology, economics and institutions) influence the individual ' s 
actions with regard to the other two considerations (environment and 
energy) . Thus , if the economics are such that profits are low and by 
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tightening energy constraints those profits would decrease, it is 
unlikely that a particular fanner would be impressed with the need 
for energy conservation . Therefore, any effort in which such energy 
and profit trade-offs exist seems destined for rather c ritical examina-
tion and perhaps complete or partial unacceptance (an example may be 
the apparent lack of citizen concern for the 55-mile an hour speed 
limit) . 
The problem grows more complex indeed when there are varied 
constraints on the individuals . In order, therefore, to simplify the 
analysis, this study will provide only a partial look at the constraints 
the farmer faces; that is, only the energy, environmental, and economic 
conditions will be examined in the model . Thereby, a direct relationship 
can be established between energy consumption and environmental quality 
in terms of various price and cost combinations. 
Agriculture as a Source of Water Pollution 
The Sixth Annual Report of the Council on Environmental Quality 
(14, p. 348) indicates that, in environmental issues, there is no 
single measure of quality. This also holds for water s tandards for a 
particular water supply which depends upon many variables, including 
location, purposes for which water is used and specific characteristics 
of water quality (including dissolved oxygen content, temperature, 
nutrient concentration, turbidity, etc.) . All of these variables are 
important in developing wate r quality criteria. 
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The Iowa Code (82, p . 366) defines water pollution as a nuisance. 
In turn, under the riparian water doctrine, a nuisance is defined as 
"the corrupting or rendering unwholesome or impure the water of any 
river , stream, pond ••. to the injury or prejudice of others" (82, 
p . 366) . Usually water pollution is direc tly related to one or both 
of two main sources. A point source is a single identifiable location 
where some pollutant enters the water course . An example would be a 
paper factory emitting r esidual wastes into a river. A nonpoint source 
is one in which no single identifiable entry point can be located . 
Erosion and nutrient transport from cropland are prime examples of 
nonpoint sources. 
During the last decade, public attention and concern have been 
generated over both types of pollution problems and their specific 
application to agriculture (6, 8, 82) . It also appears that govern-
mental efforts to control both forms of pollution have been only par-
tially successful (14, p. 350). While studies tend to show a decrease 
in r esidual waste-type concentrations, there have been increases in 
the level of entrophic nutrients . This would indicate that efforts in 
controlling point source problems have been relatively successful, but 
that nonpoint source problems continue . 
Various agricultural activities cause both point and nonpoint 
pollution problems . Feedlot operations are typical examples of point 
source emissions . As indicated earlier, this s tudy in its environmental 
aspect focuses on the sediment and phosphorus concentrations resulting 
from nonpoint surface runoff. The selection of sediment and phosphorus 
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was based on several reasons. First, from a practical standpoint, 
there has been a large amount of data collected on sediment and its 
capacity to adsorb and transport o ther nutrients, particularly 
phosphorus. Second, both sediment and phosphorus levels have been 
identified as potential water pollutants (6, 14, 15, 17, 18). Third, 
previous studies (44, 67) have provided an excellent foundation from 
which to enlarge upon, improve and test additional hypotheses. And 
fourth, agriculture, through both its direct use of land and phosphorus-
based fertilizers, has an impact upon the nature and extent of these 
pollution problems. The following discussion includes impacts of 
sediments and phosphorus on water quality. 
Sediment 
The seriousness of the water quality aspect of sediment discharges 
into the nation' s streams can be reflected in the damages and costs 
imposed on public water supplies, recreation and fish and wildlife 
population. Excessive amounts of sediment in water can cause adverse 
effects to all of these uses. Specifically, these are the aspects of 
most concern in this report. Further elaboration on these effects is 
contained in the next chapter. 
In addition to the above problems, there are other costs associated 
with erosion and its consequential sedimentation . A list of such 
damages includes : (1) l oss of reservoir storage, (2) direct damage to 
agricultural land including an estimated $800 million annual loss in 
the United States by wind and water erosion (63, p. 152), (3) damage t o 
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harbors and navigation facilities, and (4) l osses to drainage and 
irrigation systems. Total damages directly related to sediment and 
erosion in the nation have been estimated to be well over $1 billion 
annually (62, 63) . Even this large amount does not include the estimated 
$6 to $7 billion loss resulting from the removal cos t and subsequent 
replacement of an estimated 50 million tons of nitrogen, phosphorus, 
and potassium fertilizers annually resulting from soil erosion and 
water runoff (63, p . 152). 
Phosphorus 
The concern with phosphorus concentrations in water supplies is 
mainly caused by the resulting growth of aquatic plants. Its movement 
into the waterways is important in evaluating subsequent economic 
effects . Removal of elements from the land appears nonselective in 
that all elements are subject to the erosion process . However, it has 
been shown that organic matter and finer soil particles with high 
levels of plant nutrients are more susceptible to removal (3, p . 303). 
With little leaching of phosphorus occurring and its strong chemical 
adsorption with soil particles, it is particularly vulnerable to erosion 
at the surface of the soil. Of the various forms of phospho rus, only 
the available form is of importance as far as water quality is concerned . 
Thus, if the necessary amo unt of other nutrients are present (particularly 
available nitrogen) and if the corresponding amount o f available phospho-
rus is also present, then aquatic plant growth may occur. If a nutrient 
is not present in the available form, it is termed limiting . A recent 
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survey (13, p . 358) showing the importance of controlling phosphorus 
input into the water reported that in the 10 Northeastern States, 
phosphorus was the limiting element i n 65 per cent of the lakes. In 
addition t o expensive fertilizer r eplacement cos ts each year, accelerated 
eutrophication of lakes and s treams, fish kills , and extra costs for 
algae removal occur due to phosphorus r emoval and contamination. 
Agriculture's r ole in this regard cannot be minimized. With 
water quality losses occurring to i ndustrial and connnercial users, 
recreationists, fish and wildlife, and aes the tic values, the land use 
relationships to nutrient levels in eas tern streams as shown in Figure 1 
become important. Land areas where mostly agricultural activities 
occurred show the highest r elationshi p with nutrient levels in the 
streams. From this and o the r references (15, 17 , 18), it becomes 
apparent that sediment and phosphorus and their specific effects on 
the level of water qua l i t y warrant f urther study. 
Ag r i culture as a Cons umer of Energy 
Pimental et al. (62, p. 448) indicate that energy is the princ ipal 
r aw material of U. S. agric ulture. Therefore , its efficient use and 
conse rvation a re necessary particularly as f uel shortages continue and 
prices increase . Wittmuss et al . (84, p . 72) found that energy used 
by agric ul t ure in t he U.S . amounted to 2 . 3 percent of the t o t al ener gy 
use in 1970. It i s now estimated to be 3-4 percent of total U. S. energy 
consumption (31) . Other studies show that about one-half of the ener gy 
inputs i n agriculture are used to i nc rease productivity and about one-half 
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are used t o offset labor (62). However, this has not always been the 
case . Indeed, a century ago, most farming practices relied solely on 
human and animal labor for food production . However, with technology 
capable of creating energy more cheaply and abundantly , the relative 
price of energy to labor has fallen (53, p. 13). In the economic frame-
work it is little wonder that, with a relatively cheaper factor cost, 
there has been a great substitution for labor by energy-using, labor-
saving systems. 
There is much controversy over the nature and direction of future 
U.S. energy policy. Even though energy is s uch a pervasive resource 
in every phase of our national livelihood, very little has been devoted 
to developing a comprehensive energy program. During the last decade, 
total federal government expenditure on energy has always been less 
than one percent of the total nondefense budget (13, p . 541) . Total 
national spending on all natural resources is around 4 percent (13, 
p. 541) . And, in spite of recent national efforts to cons truct energy 
guidelines , including the Energy Independence Act of 1975 (20), it is 
predicted that our national consumption will double by 1995, but our 
actual domestic production will not rise much beyond the current levels 
(53, p. 14). 
Pagoulatos (59) gives an excellent and extensive review of the 
estimated demand and supply of various energy resources. However, it 
seems that the nation has basically three main energy policy options . 
As Pagoulatos (59, p. l) points out, one option is to reduce energy 
consL::nption either through (1) market mechanisms (i.e. , te.xes or 
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subsidies) or (2) governmental constraints . The next option is to 
modify technological and/or institutional barriers in order to increase 
energy supplies in an economical manner . 1 The third option is some 
combination of the first two. Short-term economics would suggest empha-
sis on option 1. Long-term planning suggests options 2 or 3. 
This leads to the energy considerations in this study. Specifically, 
a governmental constraint on energy use is examined in connection with 
various environmental policies. The question to be answered is: "What 
additional costs would be imposed by trying to meet environmental stan-
<lards while at the same time trying t o conserve energy resources?" 
Currently, other studies have shown that it may be more appropriate 
to use the market system approaches in order to meet environmental 
and/or energy goals . Indeed, Herfindahl and Kneese (28, pp. 334-352) 
and Horner (30) all show that it may be cheaper to use a taxation 
scheme rather than governmental controls in order to achieve ce rtain 
environmental standards . At the same time, it must be remembered that, 
theoretically, control of the environmental and energy options could 
be achieved by using either government imposed standards or tax subsidy . 
However, there is little reason to assume that the mix of intermediate 
and final goods, the resource allocations, or relative prices would be 
the same under both systems (28 , p. 350) . 
l Capability for greatly expanding our energy reserves is al ready 
present (i .e., s olar energy). However , a t present prices, it is 
uneconomic to do so . 
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Institutional constraints were specified in this study , in 
relation both to energy and environmental policies due to the following: 
(1) this is what is actually happening in our political system according 
to Environmental Protection Agency standards (17, 18); (2) a general 
lack of information needed on costs for various farming and industrial 
firms; and (3) within the short-term context of the study, it appears 
t hat constraints are more viable due to their relative ease of 
implemen t ation. 
Externalities from Environmental and Energy Constraints 
There are a number of economic considerations which must be 
addr essed in order to define more fully the nature of this study . This 
section covers those issues. 
With the increasing substitution of energy into agriculture as 
well as other industries in the U.S. , the nation is faced with two 
difficult problems . First , with more energy being produced, corres-
ponding increases occur in the production and consumption of airborne 
pollutant s, concentrations of nuclear wastes, oil spills , thermal 
pollution, extensive changes in landscapes caused by construction of 
power lines and refinery-caused odors. It is on such issues that M. A. 
Wright, Chairman and Chief Executive of Exxon, USA, has said " . .. the 
prin c jpnl factor which has led to the energy problems we face today and 
will face for the next years is the tremendous impact of environmental 
laws and regulations on energy supply" (85). Secondly, the nation is 
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increasing its use of stock-type raw energy resources with very little 
emphasis of flow-type energy resources (53, p . 43) . 
All of this is well-characterized by Georgescu-Roegen (22) in 
his article on the laws of thermodynamics and economics . The entropy 
law states that, in a closed system, order will turn steadily to dis-
order in the use of energy resources . That is , given a low entrophy, 
ordered and free form of energy which is available for man's use (i.e. , 
coal) through the entrophic process it is inevitable that its energy 
wi ll be dissipated, its orde r destroyed and its availability for man ' s 
use e rased (i . e., ash). To quote Georgescu- Roegen (22 , p . 17), " ... what 
goes i nto the economic process represents valuable natural resources 
and what is thrown out of it is valueless waste." It is clear then that 
unless advances , say in recycling technology, occur whereby depletion 
of low entropy energy reserves can be at least slowed , efforts in trying 
to provide advanced economic growth is just an illusion. For , by 
using more r esources, more harmful wastes are created . 
There is another as pect of economics with which analysis must be 
concerned . By using technologies in production processes which create 
residual wastes, the clean up of those processes will demand use of 
o ther resources and technologies . This cycle would then continue in 
some fashion until either all wastes are cleaned up to where the marginal 
cost of a clean environment is equal to the marginal benefits gained, 
or until all resour ces are economically exhausted . The point to be made 
ls that all of these resources have an economic opportunity cost in 
terms of other societal objectives . Thus, it seems difficult to justify 
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an economic r egime which must continually protect itself from its own 
processes and do so at very high opportunity costs. 
A third aspect of the economic problem is the somewhat recent 
differentiation between quality and quantity in relation to demand and 
supply. Such a need has led Senator Henry Jackson (53, p. 7) to say 
" •. . economic indices are no longer viewed as the sole measure of progress. 
We are entering an era in which qualitative values and aesthetic factors 
are considered as important as material wealth." In connection with 
this is the traditional idea that economic growth can be measured by 
calculating changes in GNP. The President's Council of Economic 
Advisors (53, p. 7), however, has suggested that" ... for anyone to whom 
clean water is the only valuable product there has been no economic 
growth since the time of Hiawatha." 
The fourth economic consideration relevant to natural resource 
issues centers around the need to account for external costs and 
benefits associated with their use both in production or consumption. 
An externality is said to occur when one's production or consumption 
activities influence and fail to compensate someone else ' s activities 
(10). 
Theoretically, in perfect competition!, the price a profit-
maximizing firm sets for its product will be equal to the marginal 
cost of production. The marginal cost is determined by the factor 
lPerfect competition inplies that no individual firm has any 
influence on market price . Ease of industry exit and entry and univer-
sal knowledge of production methods are also included in this definition. 
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costs which a firm must pay. In the case of external costs , if a 
firm can use some factor for which it is not required to compensate 
someone, then the marginal cost of the product will not adequately 
reflect the total value of all resources used for its production . 
Marginal cos t will be too low from society ' s viewpoint with resource 
misallocation occurring (4, 10). 
Specific to this study is the need to consider the case where a 
firm (i.e., farmer) produces a private marketable good (i.e . , corn) in 
joint supply with a nonmarketable public " bad" (i .e ., water pollution) . 
This case of publicness has been treated in the literature (9 , 65) . 
Therefore, due to the vertical summation of i nd ividual demands for a 
public good and the associated free rider problems , i t is impossible 
t o a ch ieve a correct resource allocation and market failure occurs. 
In dealing with the natural environment, there are various problems 
for which answers have not been found. This is not to sugges t that 
there are no answers . However, any attempt to deal with such problems 
must be tempered with careful consideration. It is in this vein that 
this study is wr~tten. 
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CHAPTER III. 
DEVELOPMENT AND APPLICATION OF THE MODEL 
The Progranuning Model 
Basic to the approach used in estimating various costs associated 
with water quality is the realization that many varied alternatives 
exist through resource substitution and technological improvements. 
Therefore, any model in which such alternatives exist must be sufficiently 
flexible to allow for these movements throughout the system. Of course 
by allowing for more alternatives, the model fits more closely the 
actual situation being studied . From the farmer's viewpoint, it is 
hypothesized that his main consideration is to maximize his profits from 
his crop production. At the same time, society is concerned with water 
quality and energy consumption levels . Though farmers and society may 
not be two mutually exclusive groups, the simultaneous attainment of 
both' s objectives may prove impossible. The model selected to approach 
this problem, therefore, must be capable of reconciling both viewpoints 
with.in its framework. 
In view of these needs, a linear programming model is employed in 
which a host of various farming methods are specified in order to effect 
respective environmental and energy criteria. For each farming activity, 
its respective production costs and revenues can be delineated as well 
as the productivity, land use, sediment and phosphorus contributions to 
waterways, and energy consumption . In other words, this model can yield 
the minimum cost of all the farming activities within the study area 
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when (1) t he total land a r ea must be completely used in some crop 
system , (2) the total energy consumption cannot be greater than some 
fixed amount, (3) the concentration of sediment and phosphorus in the 
water resul ting from the farming practices cannot be greater than some 
fixed amount, and (4) production of corn and soybeans for the study 
area can be no less than some fixed amount. 
Mathematically , the model is as below (28, p. 58). 
Minimize cost = 
subject to 
x1 ~ O, xz ~ 0, > ~ - 0 
whereas xi represents one unit of a particular activity 
ci represents the cost of a particular activity 
aij represents an amount of a particular constraint 
associated with each activity 
bi represents the level at which a constraint is 
maintained. 
In this case, cl through cm represent the costs associated with 
each farming activity. It is very important to note that this is not 
the traditional "production cost." Rather it is an opportunity cost 
that will be specified as ci's. Basically, this concept is that under 
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the assumption of profit maximization, any activity which does not 
allow profit to be maximized has a positive opportunity cost associated 
with it. It is what is sacrificed by not undertaking the most profit-
able alternative. For example, assume that by growing and selling an 
acre of corn, $100 profit is made. Now suppose that with the imposition 
of some environmental standard that required only one-half of the acre 
to be planted to corn and the o ther one-half planted to oats, only $70 
profit was realized . The opportunity cost in this case would then be 
$30. This is the concept applied in the model. It appears that the 
enforcement of environmental and energy constraints may force farmers 
to move from their market determined most profitable practices into 
less profitable but more environmentally safe practices . 
The xi ' s represent the various farming activities (i.e . , a corn-
corn-soybean rotation on a given land class under minimum-tillage 
management) . In the first row of the constraints, a 11 could represent 
the amount of sediment contributed to the waterway by each unit of x 1 . 
This is also the case for a12 through a 1m with their respective 
activities . When s ummed, this row must be less than the fixed level 
allowable indicated by b 1 . Other rows are then used to represent the 
phosphorus contribution , land use , corn and soybean production, and 
energy. In order to solve for specific wate r quality and energy con-
sumptlon levels, the specified level is placed in the appropriate b. 
i 
and the system i s solved. Through use of the computer, operational time 
is greatly facilitated and a great many different combinations of con-
straints can be run rapidly. 
22 
The Study Area 
With a drainage area of approximately 2,800 square miles, the 
Nishnabotna River Basin (Figure 2) has been selected for the focus of 
this study. Soil in the area is predominantly of the Marshall silty 
clay loam type and is characterized by a relatively high productivity 
and high erosive potential (75). In addition to these physical 
properties, data from other sources (44, 67) relating to the Nishnabotna 
Basin were readily available. Thus, by reexamining the Basin in the 
context of the present model, much previously laid groundwork could be 
easily employed. Table 1 shows land uses in the Nishnabotna Basin as 
of 1974 . 
Table 1. Land use in the Nishnabotna Basin.a 
Land use Acreage Percent 
Cropland 1,447,120 78 . 9 
Pasture 230,000 12.5 
Forest 37,430 2.1 
Other 52,250 2.8 
Urban 62,909 3 . 4 
Wate r 5 ,930 0.3 
Total 1,834,820 
a 
Data ob tained from unpublished material from the Type 4 Southern 
Iowa River Basin Study by the S.C . S., E.R. S., and U.S . D.A . Paul 
Rosenberry, U.S.D.A . Collaborator, Iowa State University, Ames, Iowa . 
23 
Oak 
1,." "• MILLS~ 
• ---- -.............--- ___ "!.·~~--
r 
FREMONT 
Figure 2 . 
c .. "cll •... ,. 
The Nishnabotna River Basin 
• IO•A 
·. 
MI H ISS l,,I 
111i I VCR 
0"AIN A0[ 
• 0• 1 Me lflll tl 
· .... .. . . 
IOW A -- ----- -- - -
10 1 ISOUA I 
1 
24 
Farming is by far the most prevalent land use and reflects the 
soil's productivity. From these data the assumption is made that water 
quality effects arise only from the farming activities within the 
basin . Only land used in cropland category is of concern to this study, 
although some small amounts of nutrients enter the river from other 
land uses. Within the cropland category , only the amount of land used 
for row or meadow crops is considered. 1 This amounts to a total land 
base for the study of 1,277,191 acres . 
This land base is further divided into eight land classes based 
on slope , productivity, and other physical attributes (73, p. 225) . 
The land acreages used in the study are results of the most recent Soil 
Conservat ion Service surveys regarding land use and characteristics in 
the Nishnabotna Basin (76) . The eight land classes outlined in Table 2 
reflect their respective acreages , slopes, and erosion hazard . 
Programming Activities 
There are 104 different activities as shown in Table 3 that are 
developed in the model for potential use . The following abbreviations 
will be used throughout the remainder of the text to describe the 
activities . 
Rl = corn-com- soybean rotation 
R2 com-soybean- corn- oats-meadow-meadow rotation 
R3 corn- oats- meadow-meadow- meadow-meadow- rotation 
!This excludes cropland devoted to orchards and vineyards totaling 
169,929 acres. 
Table 2. Land c l ass summarya . 
Land c l ass Acres 
Al 203,056 
A2 32,322 
B 385,109 
c 157,351 
D 429,124 
E 61,696 
F 7 , 871 
G 662 
Total 1 , 277,191 
aData obtained from (76) . 
b (45,p. 5) . 
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Slope % 
0-2 
0-2 
2- 5 
5-9 
9-14 
14-18 
18- 25 
25+ 
Erosion hazardb 
none 
slight 
slight 
sever e 
severe 
severe 
extreme 
extreme 
Con conventional t illage . This refers t o the traditional plow 
disk , harrow, plant, cultiva t e system, leaving no residue 
on the surface. 
Min minimum tillage. This refers to a system where no plowing 
occurs, approximately 2/3 of the crop residue is left on 
the surfa ce and ridge planting of r ow crops takes place . 
T terracing, 
C contouring, 
G gully control structure, and 
P permanent pasture . 
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Table 3. Linear programming activities. 
Land classes Land class Land classes 
A1 and Az B C, D, and E 
ConRl ConRl ConRl 
ConR2 ConRlG ConRlG 
ConR3 ConR2 ConR2 
ConRlC ConR2G ConR2G 
ConR2C ConR3 ConR3 
ConR3C ConR3G ConR3G 
MinRl ConRlC ConRlT 
Mi nR2 ConRlCG ConR2T 
MinRlC ConR2C ConR3T 
MinR2C ConR2CG MinRl 
p ConR3C MinRlG 
ConR3CG MinR2 
ConRlT MinRG 
ConR2T MinRlT 
ConR3T MinR2T 
MinRl p 
MinRlG PG 
MinR2 
MinR2G 
MinRlC 
MinRlCG 
Land classes 
F and G 
p 
PG 
Table 3. Con' t. 
Land classes 
A 1 and Az 
Land class 
B 
MinR2C 
MinR2CG 
MinRlT 
MinR2T 
p 
PG 
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Land classes 
C, D, and E 
Land classes 
F a nd G 
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Thus, for example, Con Rl C G would refer to an activity of a corn-corn-
soybean rotation under conventional tillage practices, in which contouring 
and gully control structures were used to reduce erosion losses and 
sediment yields . 
R1 and R2 were chosen for inclusion because much of the land appears 
to be used in these rotations (44) and to build on the work of previous 
studies (44, 67) . R3 was added in this model for several reasons . It 
is considered a soil saving cropping sys tem (25, p. 215); it may provide 
an interesting trade-off with more of traditional row crop rotations 
when consider ing how the price of hay has risen in the last few years 
(78), and the land in the area is certainly capable of supporting such 
a system in terms of productivity (75) . 
It is assumed that tillage sys t ems will operate up and down the 
hill unless contouring or terracing takes place. 
Estimating the Opportunity Costs 
With the activities of the model specified , relevant machinery 
sets and the respective costs and revenues for each activity could be 
derived. All cost derivations are shown in Appendix A. The machinery 
sets along with their associated cos ts are listed in Tables A-lA through 
A-lE and are based upon the 320 acre average size of farm for that . 
area (37, pp. 13-14). Costs for machinery are given for 1971, 1974, 
and 1975 . In order to show the effects of various economic trends, 
programs were run on the model under the following circumstances. 
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Program Set 1 1971 costs with 1971 prices (Cl) 
Program Set 2 1974 costs with 1974 prices (C2) 
Program Set 3 1975 costs with 1975 prices (C3) 
Program Set 4 1975 costs + 25% with 1971 prices (C4) 
Set 1 has been included to serve as a low benchmark, as it appears 
unlikely that both prices and costs would be expected to drop below 
those levels . Set 2 emphasizes a great expansion in both costs and 
prices, while Set 3 reflects the most recent situation in which data 
are available. Set 4 presents a more pessimistic development in which 
farmers would be hard pressed to undertake any type of outside activities 
(i.e ., pollution con trol) which would cut profits . In most cases, costs 
have been determined for 1975 and then adjusted for other years using 
appropriate price indexes (78). 
Costs include both (1) fixed costs including machinery depreciation, 
interest , taxes, insurance and housing and land value, and (2) variable 
costs which include fuel, labor. repairs, chemicals, and hauling and 
storage costs. Repairs are based on a percentage of the initial list 
price (21, p . 233) and are found in Tables A-lA through A-lE . Tables 
A-2A through A-2E list labor and fuel costs. Table A-3 summarizes the 
the fixed and variable costs on land classes Al and A2, and which are 
for this study called Type I production costs. Type II production 
costs include chemicals, hauling and s t orage costs and are found in 
Tables A-5 through A-8. 
Some details concerning the calculation of the variable costs 
should be explained. Due to steepness of slope it seems that various 
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field operation would take longer to perform and require more fuel 
than when performed on flat land (32, p. 28; 55). However, n review 
of the lJterature in this regard revealed little work had been done 
on the extra amount of field time and fuel required to operate on 
specific slopes. However, in 1965, Mitchell and Beer (55) reported 
that time requirements for overall farming operations tend to increase 
with slope increases. In addition, Smith (69) reports that parallel 
terraces can be farmed with about the same efficiency as flat land. 
As far as contouring is concerned, no precise data could be found in 
the literature relative t o time requirements. However, several 
discussions with local farmers indicated that they believed a small 
increase in field time was required when contouring. This is also 
indicated by Pimental et al. (63, p. 151). Therefore, the following 
time increases have been taken from the above data and applied to field 
time in order to show increases in labor costs. 
Table 4. Increases in field time associated with land classes.a 
Methods A B c D E F G 
No treatment 100 102 104 106 108 110 112 
Terracing 100 100 100 100 
Contouring 100 105 
aF. igures are percentage increases over the no treatment method 
on land classes Al and A2. 
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With fuel, a somewhat more direct approach was used. A tractor 
was selected from the Nebraska Tractor Tests series (57) which displayed 
the power and size requirements for the machinery set under consideration . 
Using the calculations shown in Hunt (32, p. 28) , computations were made 
of the horsepower required to move the tractor up a given slope at a 
uniform speed of eight miles per hour. From the Nebraska Tractor Test 
on the specific machine c hosen, a graph can be constructed which shows 
the horsepower level plotted agains t gasoline consumption . Thus, the 
calculations using Hunt's fo rmulas were plotted on these graphs in 
order to determine fuel consumption. Such a method was used for each 
rotation. Where a gas and diesel tractor appeared in the same rotation, 
calculations were based on the assumption that the diesel tractor did 
67 percent of the work. If two diesel tractors appeared in the 
rotation, their simple average of fuel consumpt ion inc r eases was used. 
After a literature review proved futi l e regarding fuel consumption when 
terracing and contouring, and after several discussions with SCS and 
Iowa State agricultural engineers, it was assumed tha t fuel consumption 
under these practices was equal to 67 percent of the consumption for 
the no treatment me thod. Thus, the following percentages are shown 
in Table 5 reflec ting changes in fuel consumption for work on the 
different land c lasses. 
A third calcula tion which mus t be made is call ed the terrace 
reduction and reflec ts the loss in yields, or decrease in inputs because 
of the amount of land taken out of production due to the grass back-
slopes associated with t e rraces. From SCS recommendations , the 
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percentage reductions shown in Table 6 were assumed to occur due to 
terracing . 
Table 5, Percentage increases in fuel consumption on various land 
classes. 
Practice Land classes 
a 
Al A2 B c D E 
ConRl No trt. lOOb 114.95 127 . 4 151.4 169 .o 
Cont . 100 110. 02 
Terrac . 110. 02 118 . 36 134.44 146.23 
ConR2 No trt. 100 116 . 39 132.21 150. 96 169.54 
Cont . 100 110. 98 
Terrac. 110. 98 121. 58 134 . 26 146.57 
ConR3 No trt. 100 112 .63 122.76 136.42 147 . 23 
Cont. 100 108. 46 
Terrac. 108.46 115.25 124.40 131.64 
Mi.nRl No trt . 100 111. 70 125.70 141 .50 159 . 20 
Cont. 100 107.84 
Terrac. 107. 84 117. 22 127.81 139 . 66 
Mi.nR2 No trt. 100 111. 76 129.52 146 . 26 167.37 
Cont. 100 107.88 
Terrac. 107 . 88 19 . 78 130 . 99 145 . 14 
aPermanent pasture on land classes F and G is handled separately in 
Table A-11. 
b 100 under the no treatment and contouring practices for the five 
main rotations does not imply the same amount of fuel is used in each 
instance. This merely is a benchmark from which the other changes were 
made . 
With these derivations in mind the remainder of the costs can be 
calculated. Specifically by applying the factors in Tables 4, S... and 6 , 
Tables A-4A through A-4E were developed and show the Type I costs for 
Table 6 . 
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a Terrace acreage reduc tion pe rcentages. 
Land class Feet in backslope Pe r cent of land out of produ~tion 
B 7 3 . 23 
c 12 9.09 
D 22 19 . 13 
E 28 24 . 14 
aData obtained from priva t e communication with D. Bondurant, SCS 
engineer, Des Moines, Iowa, November, 1976. 
each land class. Table A-8 Jis ts the hauling, drying and storage 
costs by the land classes . Table A-9 combines these with the cos ts of 
seed and chemicals (from Tables A-5 through A-7) in order to ge t 
total Type II produc tion cos t s . The terrace reduction is also made in 
this table The costs of terrace cons truction and maintenance is found 
in Table A-10. Permanent pasture calculat i ons a re listed in Table A-11. 
Table A-12 shows the yield and gross r evenue data . Finally , Table A-13, 
shows the oppo rtunity cost calculations for the various activi ties. Note 
that in Table A-13 ~eparate cos t s for gully control activi ties are not 
shown. These cos t s in no way int erfe r e or modify other produc tion cos ts. 
According t o SCS es t i mates i t is felt that about one s truc ture is needed 
for every 440 ac res and the average 1975 cos t for a structure to handle 
such an area would be a bou t $13 ,500. 1 These struc tures a r e designed t o 
!Private communication with V. Smith, Assistant State Conservation 
Engineer, S.C.S., Des Moines, Iowa , January, 1977. 
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last for 50 years. Therefore, the future value of the total cos t was 
converted to a payment stream according t o the formula in (70, P· 46) 
using interest rates for the respective years as shown in Table A-lA. 
Calculated in this manner , an additional $2.65 per acre is required in 
1975 terms for gully control structures. The 1971 a nd 1974 cost for 
a structure was calculated to be $7 ,930 and $11,860 respectively , using the 
buildin~ and fencing index in (78) . Thus, per acr e costs for c
2
, c
3 
and 
c4 were S2 . 46, Sl.47 and $3 . 31 (25 percent increase over the 1975 cost) 
respectively . A limit on the number of structures per land class was set 
by dividing the acres of the l a nd class by 440. This permi t s the SCS es-
timated density of s tructures needed to control the erosion-caused sedi-
mentation in streams and permits the pr ogramming of activities on the same 
land class whic h are identical except for the gully control structure . 
Erosion Loss Estimates 
For over a decade , the Universal Soil Loss Equation has been used 
to es timate e rosion losses given cer t ain clima t ic and physical conditions . 
Following its developme nt in 1965 by Wischmeier and Smith (83), the 
equation has been modified t o fit more precisely in t o local areas . The 
e quation is 
where 
A RKLSP C 
A computed e rosion loss in tons/acre/year, 
R r a infall factor , 
K = soil erodibility factor, 
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L = slope-length factor, 
S = slope-gradient factor, 
P = erosion control practice factor, and 
C cropping management factor . 
This equat ion assumes that if the land were in a continuous fallow 
condition, maximum soil loss would occur due t o lack of vegetative 
cover and other management practices . This would be represented by 
the soil loss predicted by computing RKLS alone. These are factors 
which are outside the farmer ' s control. Therefore, additional prac-
tices which the farmer can pursue (i.e . , C or P) can reduce erosion 
loss rates (i.e . , O<C<l , O<P<l). 
Factor Values 
In order to predict soil l oss it is necessary to find the appropriate 
factor values. R in this study was set at 166. This i s based upon a 
weighted average of a rainfall value of the counties lying within the 
Basin (41, p. 6) . The Kand L factors wer e both derived from the recent 
SCS survey (76). In this survey not only was the amount o f land use 
reported, but also the amount of land in vari ous slope lengths and the 
amount of l and i n various soil types . Therefore, a weighted average 
by land class was computed for both the K and L factors. Table B-1 of 
Appendix B shows these computations . In cases , however, where terracing 
occurs, the L factors were taken to be the length interval between the 
terraces . Table 7 lists the RKLS factors. P factors were taken from 
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Beasley (6, pp. 59-62 ) and C factors were taken from SCS research on 
specific c r op r otati ons in this ar ea (25 , p. 215) , with the exception 
of R2 which had to be developed according to Wischmeier and Smith 
(83, pp . 10-16). See Table B-2 for this derivation . 
Table 7. R, K, L, and S fac t ors by land class. 
Land class R 
Al 166 
A2 166 
B 166 
166 
166 
166 
166 
166 
166 
166 
F 166 
G 166 
K 
. 32 
. 32 
.32 
. 32 
. 3255 
. 3255 
. 3363 
. 3363 
.3465 
.3465 
. 3279 
. 3248 
a 
L 
246.84 
246.84 
324 . 0 
217.0 
303. 38 
132. 0 
33 7. 3 7 
115.0 
386.50 
116 .o 
398 . 78 
414 . 93 
S (%)ab 
o.o 
1.0 
3.5 
3.5 
7. 0 
7 . 0 
11.5 
11. 5 
16.0 
16 .0 
21. 5 
25.0 
aLength and slor,e factors are combined accord~ng to the following 
relationship LS= L~ (0.0076 + 0 . 0053S + 0.00076S ) . 
hslopes for each land cl ass are taken to be the midpoint of the 
slope range except for Land Class G. A slope of 25 percent was used as 
the slope facto r for this land. 
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With the factors developed, the soil losses could be estimated 
for each farming practice. It should be noted that this equation is 
designed to estimate long-term average losses and that specific year 
losses may be higher o r lower depending on the nature of the parameters. 
Soil losses in tons per acre per year are shown in Table B-3 . 
Phosphorus Losses 
As previously mentioned, phosphorus is readily available to erode 
with soil particles through adsorption. Also, evidence exists that 
particles on the soil s urface are more susceptible to removal than 
particles in the subsurface (3, p. 303). Thus, an enrichment ratio 
has been developed which represents the higher phosphorus content o f 
eroded soil relative to the remaining soil (54). The pr ocedure developed 
by Jacobs (44, pp. 82-83) has been followed. Thus by ascertaining the 
percentage of phosphorus within the soil of . 05 percent (44, p. 82; 51, 
p. 204) the amount eroded is found by the following formula . 
B = PAE 
where 
B pounds of phosphorus eroded per acre per year, 
P amount of phosphorus in the soil, 
A = soil loss in pounds per acre , and 
E = phosphorus enrichment ratio. 
The calcula tion of the enrichment ratio is based on the formula 
given by Massey and Jackson (54). This formula is 
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E = . 319 + . 25X + . 0982Y 
where 
E the log enrichment ratio for phosphorus, 
X = - log tons of solids per acre inch of runoff, and 
Y = - log tons of solids lost per acre. 
In turn, using the formula found by Beasley (6 , pp . 81-89) for 
water runoff predictions, the above X values for a one-acre watershed 
could be found. Beasley's f ormula relates the runoff directly to the 
cropping system and it is felt provides a c loser estimate than previously 
used methods . Table B-4 shows the derived runoff results and the 
enri chment ratio calculations . 1 
With the enrichment ratios derived, total phosphorus losses in 
pounds per acre were computed in Table B-5. 
Delivery Ratio 
The next step in tracing the environmental pollution to the river 
is by estimating how much of the total soil and phosphorus moved 
actually gets into the water. This percentage is known as the delivery 
ratio . Recent work by Renthro (64) has s hown this ratio to be related 
to the size of the drainage area of a particular stream. This is the 
case provided there is only one waterway in the area. An inverse 
lit should be observed that all of the formulas used are subject to 
wide variations. An extensive literature r eview on enrichment ratios 
revealed nothing new in their prediction. It is, therefore, stressed 
again that all results presented here must be carefully evaluated in 
terms of the assumptions and limitations of the estimation procedures . 
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relationship exists in that the smaller the drainage area the larger 
t he amount of sediment that is delivered to the stream. With a 
smaller drainage area there is correspondingly less interference with 
water runoff in addition to the shorter distance to the main stream. 
Thus, ther e is less of a chance for the water runoff to be slowed or 
to infiltrate the surface. 
The Nishnabotna River, however, has numerous tributaries to the 
two main branches . As a result, it is inappropriate to use a single 
drainage area size of 2,800 square miles . This obstacle was overcome 
by calculating a grand weighted delivery ratio based on the drainage 
areas of each tributary feeding into the East and West Forks of the 
Nishnabotna River. For example, Troublesome Creek feeds into the East 
Fork of the Nishnabotna in Cass County near Atlantic . Its drainage 
area , with all of its tributaries, is 131 square miles and represents 
4 . 6 percent of the total river basin drainage area. By using the 
graph in Renthro's artic le, the delivery ratio for the Troublesome 
Creek area is about 6.5 percent, which is then weighted by 4.6 percent. 
This kind of calculation was made for each tributary with data on the 
drainage areas taken from Larimer (50). It was assumed that drainage 
areas of five square miles or less (which were not reported in Larimer) 
were approximately 2 .5 squa re miles. With this method, the delivery 
ratio derived was approximately 14 pe r cent. Although this method seems 
rather straight-forward, there are many complications. A road, a 
railroad track, or any o ther construc tion may interfere with the delivery. 
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Also, the decision to include only those tributaries of the main 
branches is purely arbitrary and may bias the overall delivery ratio 
downward. Therefore, delivery ratios of 15, 20, and 25 percent were 
used in this study in o rder to give an estimate of the sensitivity of 
the erosion process on the cost predictions and to provide a measure 
of latitude due to lack of precise knowledge. Tables B-3 and B-5 list 
the sediment and phosphorus, respectively, delivered to the stream 
with a delivery ratio of 15 percent. Loads de livered under the 20 and 
25 percent delivery ratios can be calculated by multiplying the 15 
percent loads by 1.33 and 1.67, respectively. 
Sediment and Phosphorus Concentration 
Once the sediment and phosphorus have been delivered to the 
stream, it is necessary to convert this gross amount into a concentration . 
The approach used here is developed by Jacobs (44, pp. 96-105). 
Jacobs' calculations show that every ton of soil or phosphorus 
entering the stream, based on average flow rates of the Nishnabotna 
-3 1 
River, etc., would add . 9247 x 10 mg/l of the constituent. Table B-3 
shows the stream concentrations when the delivery ratio is 15 percent. 
Note that this covers only erosion from the cropland areas (i.e., sheet 
erosion) and does not include gully e rosion . Fiest and Spomer (61, 
p. 852) indicate that sediment from sheet erosion accounts for about 
l since phosphorus is expressed in pounds, the equation for phosphorus 
is converted to .46235 x io-6, i.e ., .9247 x io-3 divided by 2,000. 
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70-90 percent of the total sediment load. Gully erosion makes up the 
remainder . Therefore, for example, with ConRl in Table 21, it was 
assumed that the total sediment loading from that activity was .674 x 
10-3 mg/l. As shown in the table, .573 x 10-3 mg/l came from the 
c ropping activity and represented 85 percent of the load . An amount 
due to gullying of .101 x 10-3 mg/l was then added on . Such a calcula-
tion was made for each activity in the program. Thus, gully erosion 
was assumed to contribute 15 percent. 
As indicated, only the available phosphorus is relevant to this 
s tudy. Jacobs (44, p . 100) reports that two Iowa studies show the 
amount of available phosphorus in a stream is inversely related to the 
amount of sediment in the stream. Others have also shown such a 
relationship (47). By following Jacobs' method of obtaining available 
total phosphorus ratios under various sediment amounts, the available 
phosphorus loadings could be predicted. Thus, for example , again 
using ConRl from Land Class A, at the 10,000 mg/l level of sediment, 
.0188 x 10-6 mg/l available phosphorus is calculated . This is derived 
by taking .814 x 10-6 mg/l total phosphorus (Table B-5) times the con-
centration factor (44, p. 97) times the available to total phosphorus 
factor of .05 shown in Jacobs (44, p. 101) . Available phosphorus load-
ings were found in this way for every activity, using all three delivery 
ratios at each sediment level . 
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Gully Control St ructures 
As indicated, gully control structures will be permitted to be 
developed in the program on the basis on one structure for every 440 
acres . With the s tructure density and size s pecified
1, it was estimated 
that 60 percent of the sediment for the a rea will pass through the 
structure. Trapping efficiency of the structure is roughly 97 percent. 
Therefore, given an activity in which gully control struc tures are 
built , the sediment and phosphorus loads delivered to the stream were 
set at 41 .8 percent of the loads delivered under the same activity but 
without the structure . The sediment and phosphorus delivered to the 
stream under ConRl, Land A2, fo r example, are 2. 001 x 10-3 mg/l and 
. 0403 x 10-6 mg/l, r espectively. Under ConRlG, the respective sediment 
and phosphorus deliveries are .836 x 10-3 mg/l and .0168 x lo-6 mg/l . 
It is further assumed that terracing should prevent gully formation . 
Thus, under terracing activities, there is no corresponding terracing 
and structure building within the same activity as there is, for example, 
with ConRl and ConRlG . This method will indicate how these two separate 
practices enter the optimal solutions under the various energy and 
water quality constraints. From Table A-10 it is seen that per acre 
terrace costs are more expensive than the gully structure cos ts. 
However, the use of terrace prevents erosion to a greater degree, and 
!Specifically a drop inlet gully is considered here. It consists 
of an earthfill dam with corrogated pipe spillways and has approximately 
a six to 10 foot drop . According to V. Smith, Assistant State Conserva-
tion Engineer, SCS, this is the most prevalent structure in Southwest 
Iowa. 
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thus provides a smaller amount of sediment and phosphorus delivered to 
the stream. Such a model should provide some insight as to the sub-
stitutability between structures and terraces. 
Water Quality Criteria 
Specific goals in terms of levels of sediment and phosphorus 
concentration were rather difficult to articulate. Iowa's Department 
of Environmental Quality has set rather vague standards for the 
Nishnabotna River. The river is a Class B stream and, thus, its use 
is designated for "wildlife , non-body contact recreation and aquatic 
life" (35, p. II-2) . In addition, for Class B waters, there is no 
specific r eference to sediment or phosphorus levels. The only state-
ment r ela ting somewhat here is that turbidity shall not be increased 
by more than 25 Jackson Turbidity units by any point source (35, p . II-3). 
Other states and federal agencies have, however, set guidelines 
varying from no constraint to almost 100 percent freedom from silt and 
phosphorus (17, 18). Most sediment loads are stated in terms of 
turbidity, that being an optical property of water and not a weight 
per unit measure. Jacobs (44, p. 105) set three uses for the water by 
modeling a conversion between turbidity and concentration level. Such 
conversions are nc longer made . 1 Thus, while no specific water quality 
level for a specific water use will be designated here, the range which 
!Private communication with Dr. R. Bachman, Dept . of Biology, and 
Dr. Cleasby, Dept. of Civil Engineering, Iowa State University, Ames, 
Iowa, January, 1977 . 
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Jacobs indicates (p. 183) from 10,000 mg/l sediment to 37.5 mg/l is 
certainly enough to cover all uses intended for the stream. Indeed, 
where other states have set standards in mg/l, the quality levels which 
Jacobs reports are very near the same level. Thus, if the river 
were to be used in a way which required only a given level of sediment 
and phosphorus loadings, the program will then estimate the cost to 
be borne by the local farmers of achieving that standard . Table B-6 
shows the sediment and corresponding phosphorus constraints (the bi's 
in the linear programming model) as developed by Jacobs and used here. 
Energy Constraints 
The energy constraint in the model was primarily based on recent 
work by Pimental et al. (62) . Specifically, energy consumption in 
l BTU's was estimated for production and distribution of farm machinery, 
fuel consumption, chemical inputs and terracing type activities . 
Tables B-7A through B-7E list these calculations. 
In the fi r st set of runs, energy use will be unconstrained. In 
subsequent sets, consumption will be limited to 90, 75, and 50 percent 
of the total BTU ' s estimated in the first set. 
Produc tion Constraints 
The final constraints ln the program we re directed at maintaining 
corn and soybean produc tion within the basin at the average for the 
lone BTU or British Thermal Unit is the amount of energy necessary 
to raise one pound of water one degree Fahrenheit under stated conditions 
of pressure and temperature. 
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last 10 years. This means that the total basin activities must 
produce no l ess than 51,890 , 000 bushels of corn and 8 , 117 , 000 bushels 
of soybeans. These figures are based on the percentages of the counties 
l 
lying within the basin and their average productivity. 
lData was obtained from personal Iowa Crop and Livestock Reporting 
Service, Des Moines , Iowa . Private communication, January, 1977 . 
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CHAPTER IV. 
RESULTS OBTAINED FROM APPLICATION OF THE MODEL 
TO THE NISHNABOTNA RIVER BASIN 
Programming Scenarios 
In applying the model as described in the previous chapter, cost 
estimates were obtained for the various water quality and energy use 
levels. Thus with the three delivery ratios, four cos t-price combina-
tions and four energy alternatives, there were 48 different scenarios. 
With the sediment and phosphorus concentrations constrained at 15 
different levels, there were 720 individual solutions . Table 8 shows 
the various situations studied and lists the sediment level obtained 
and its associated opportunity cost in millions of dollars just before 
the program moves to an infeasible solution . 
Table 8 is shown in order to present several problems in 
interpreting the result related to this concept of programming. In 
viewing the results it should be remembered that reliability must be 
tempered with (1) the impossibility of collecting enough reliable data 
to program every cause-effect relationship and (2) the lack of knowledge 
about the interaction among constraints. 
The most striking result of the study is the wide variation in 
costs from $7 .6 to $64 . 5 million for various environmental and energy 
alternatives . The relatively small opportunity costs associated with 
c4 are to be expected . When, as in this scena rio, the economic 
Table 8 . Study results swmnarized in programming scenarios .a 
Col . 1 Col . 2 Energy levels 
Cost Deliv . Col. 3 Col . 4 Col. 5 Col. 6 
Price Ratio Unlimited 90% 75% 50% 
Comb . % Mg/! Cost5 Mg/! Costtl Mg/l Cost ti Mg/l Cost5 
Cl 15 150 12. 718 150 25.357 500 19 .275 NF Sc 
C2 15 150 43 . 107 150 46 . 842 150 62.782 " 
C3 15 150 14.493 150 15.290 250 13.012 " 
C4 15 150 7.651 150 13 .898 NFS " 
~ 
C1 20 150 17.399 150 33.763 500 22 . 574 
II -.J 
I 
.c-. 
CX> 
C2 20 150 49.531 150 57 . 808 250 48 . 426 
II 
c3 20 150 16 . 876 150 20 . 213 250 17 . 324 
II 
C4 20 150 12.268 150 19.358 NFS 
II 
cl 25 150 29 . 344 250 24 . 296 500 11. 66 7 " 
C2 25 150 64 . 558 250 43 . 546 250 48.991 " 
C3 25 150 21.605 250 14.584 500 11.440 " 
C4 25 150 17 . 894 250 13.490 500 9 .133 " 
~a.ken from Tables 9, 10, 11 and C-1 through C-31. 
bCost is shown in millions of dollars. 
~o feasible solution 
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situation creates losses in each production activity (Table A~l3), in 
the short run farmers would be expected to move to their less inten-
sive and less expensive production methods . As sta t ed, the opportunity 
cos t represents the loss incurred by moving away from the most profit-
able situation. In this scenario the most profitable situation is 
either permanent pasture or R3 on all land classes. As those activi ties 
allow for most of the water quality and energy constraints to be met , 
it is obvious that little movement away from them is necessary. In 
this case, those ac t ivities, other than predominantly hay pr oduction, 
that come into the solution at the tighter water quality levels 
(particularly MinRl on Land Classes Al, A2, B, and C) do so because 
of the corn and soybean production r equirements (Table C- 3 , 6, 12, 
16, 23 , 27, and 31) . However, with the other cost-pr ice combinations 
the heavy corn rotations occur due to their profitability . 
The particularly high c?sts in 1974 (C2) reflect the increases in 
the prices of corn and soybeans. Thus, moving away from those crops 
into heavy hay production, which at that time had a r elatively low 
price, means a particularly large sacri fi ce in terms of income lost. 
Results obtained when c1 and c3 are included in the programs show 
r ather similar results in terms of costs and the water quality and 
energy levels achievable . With c1 and c3 representing those times 
when prices are relatively stable and consistent with costs (i . e ., no 
excessive losses or profits are incurred), these results show an 
estimate of what might be considered a "normal" cost of environmental 
and/or energy conservation . 
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In no circumstances can the most stringent water quality energy 
and price levels be met. However, it does seem that the use of the 
Nishnabotna for Class B waters can be achieved. The high costs 
associated with the quality levels tend to verify the model ' s accuracy 
in that the Nishnabotna is one of the most turbid streams in the state 
(35, p . IV-23). However, even though the 150 mg/! level may be optimal 
for certain fish, the Iowa DEQ reports that the game fish in the Nish-
nabotna have almost been completely eliminated due to channel 
alterations (35, p. IV-23) . If other uses are intended for the 
stream which require a higher quality level, then additional expense 
for water treatment facilities would need consideration . 
In all cases, the added constraint of energy use proved to be 
costly . The tightening of this constraint forced either the costs to 
increase significantly or the program to go infeasible. Results 
observed in moving across each row in Table 8 clearly indicate this 
pattern . 
Probably the most interesting results shown in Table 8 are in 
column 5 . These results in association with the several delivery ratios 
may at first glance seem inconsistent . Thus, when energy is not limited 
the binding constraints are sediment and phosphorus, specifically 
reflected by the delivery ratio. This is also true for column 4. 
Therefore, in the first two columns, as the delivery ratio increases 
the costs of the respective situations (i.e., c1 , DR= 15%, Energy= 90% 
vs. Cl, DR= 20%, Energy = 90%) will also increase and become infeasible . 
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This situation is exactly similar to the tightening of the energy 
cons t raint . 
In column 6, with energy use at half its original level , energy 
becomes the binding constraint. That is, no set of activities can 
occur in which energy consumption is set at approximately 50 percent 
of its estimated minimum cost need and still meet the other requirements 
of the model . 
Therefore, when energy use is somewhere between 90 and 50 percent 
of its original use , the respective association with the delivery 
ratios and costs will yield results such as shown in the three C4 
situations . It should be remembered that generally the most soil 
erosive treatments are those with the smallest (opportunity) cost . 
Therefore, in minimizing costs, the program also served to maximize 
soil erosion subject to the given constraints. In addition , as shown 
in Tables B-7A through B-7F, energy consumption decreases as there is 
movement from corn intensive practices to hay intensive practices . As 
indicated such a movement is generally accomplished in the program by 
the tightening of the water quality parameters. Thus, when the delivery 
ratio is set at 15 percent there is a relative ly stronger pull for corn 
intensive rotations than when the delivery ratio equals 25 percent . 
At the same time, howe ver, the re is an opposite pull toward pasture 
rotations from limiting use of energy at 75 pe r cent . With the interaction 
of the two constraints the program is infeasible at the 15 and 20 percent 
delivery ratios . The relatively strong pull for pasture at the 25% DR 
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coupled with the pull from energy, could account for an interac tion 
between the two constraints occurring within the feasible region and 
a solution would be generated . 
The specific reaso n why some interac tions are such as to yield 
feas ible solutions and some are not is no t exactly known. It seems, 
however , tha t to a certain degree at leas t the results are influenced 
by the nonproportional changes acr oss the delivery ratios, the ene rgy 
constraints, and the available t o total phosphorus ratios developed. 
Although this interac tion is not known , it does not inhibit such 
policy options in an actual s ituation. Specifically , such poli cy 
options may not consider all the poss ible problems associated with 
different sets o f delivery ratios and energy constraints due t o (1) 
l ack of knowledge i n these areas or (2) the cos t s i nvolved in researc h 
may be too large in t erms of time and money to warrant additional 
inves tigation. It is r easonable to ass ume that many , say , ene rgy 
policies could be set with the best available but perhaps very little 
actual first hand knowledge of t he i n teraction with o the r environmental 
cons tra ints . It is probably on this point that the whole environmental/ 
energy issue is mos t c ritical . Arbit rarily set s t andards i n one a r ea , 
incons istent with arbitrarily se t s t andards in o ther areas , could lead 
to a great deal of confusion and misallocation. 
Tables 9, 10 , 11, and C-1 through C-31 list the specific land 
use results for each feasible solution. Rotation 1 (com-corn-soybean) 
was the most profitable a t the more liberal water quality l evels and i s 
ve ry much programmed at the tighter levels . At a 15 percent delivery 
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ratio, the tighte ning of the e nergy constraints generally convert the 
land use into some heavy combination of terracing, gully control 
structuring, and Rotation 3 . Although all programs are moving from 
corn intensive rotations to hay intensive rotation , the energy con-
str aint and increased delivery rat io seem to speed up this movement. 
It is a lso interesting to note terraces rarely enter the solution 
until the mos t s tringent water standards are i n effect. It would seem 
the r e fore appropriate that the use of structures may be emphasized 
mo re if such stringent standards are not to be enfor ced . 
The marginal values associated with the cons traints when not 
zero are always positive, indica ting that the cos t of the pr ogram 
would rise by the marginal amount if one less unit of the particular 
parame ter were available . In all solutions it is not surpris ing t o 
find that the margi nal value of one BTU of e nergy is so low . When 
speaking in terms of several trillion BTU ' s , the tightening of the 
cons traint by one unit has very little effect . 
In most cases it appear s that sediment is the most ma rginally 
binding constraint . This changes, however, when very tight s t andards 
are imposed, at which time phosphorus becomes the impo rtan t factor. 
As the ma r ginal values indicate, this is even more critical as the 
de l iver y ratio increases . For example , under c1 with energy unlimited 
a nd moving ac r oss the 15, 20 , a nd 25 percent delivery ratios (Tab l es 9, 
C-9 and C- 20, r espectively) the marginal value of phosphorus a t t he 
150 mg/l leve l is $90 .10 , $158 . 03, and $3,229 . 24 . This large variation 
indicates the need for additional research in the physical aspect of 
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of the model, as policy decisions should be based upon the best 
available estimates regarding the environment. 
The results obtained clearly indicate the problems associated 
with the imposition of both environmental and energy policies. In 
actual policy making situations , the problems grow even more intense 
where these objec tives must be reconciled with other national priorities . 
In order to balance our energy and environmental problems, a look at 
their r elationship to these other goals and objectives of our economy 
is necessary. It has been traditionally held tha t economic growth, 
employment, and price stability are national goals for which our nation 
should seek (68, pp. 322-333). Indeed, it was not until the National 
Environmental Policy Ac t of 1969 (56) that environmental issues 
seriously entered into national priorities. As energy becomes more 
critical in terms of its supply and demand relationships, this may also 
enter on the list of national objectives in a more substantive and 
specific manner. In fact, practically anything could conceivably enter 
our list of goals . As Baumol (5, p . 46) states: 
" People ' s objectives are whateve r they are. 
Irrationality surely must be de fine d to consist in 
dec ision patterns that make it more difficult to attain 
one ' s own ends, and not in choosing ends that for some 
reason are considered to be wrong. Unless we are pre-
pared to determine other people ' s values, or unless 
they pursue incompatible goals, we must class behavior 
as rational if it efficiently pursues whatever goals 
happen to have been chosen. " 
The problem is that the resources needed to satisfy those goals which 
are chosen are not foreve r expanding and they are not costless . We cannot 
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as a society maximize everything. Resources drawn for input in one 
priority cannot be used at the same time (and perhaps forever) in 
another objective. 
If indeed the environmental/energy balance is as important to us 
as it has recently seemed t o appear, then several basic principles 
(1, p. S) defining goals relative t o these areas seem appropriate . 
First, the availability of the requisite information is a large 
measure in the achievement of a particular objective . As Vaux (79 , 
p. 800) r easons: 
"However well conceived it may be on other 
grounds , a goal which invokes needs for information 
which a r e difficul t o r impossible to fulfill may be 
completely ineffective in its influence on decision 
making." 
Thus, we would live in a situation in which our choices determined our 
values rather than our values determining our choices . In the case 
presented, the lack of specific information regarding the nature of 
the physical and biological linkages existing between erosion control 
and water quality should be enough t o suggest very serious and cautious 
policy planning. For example, the very fact that the delivery ratio 
can cause anywhere from a 10 percent to over a 100 percent cost 
increase (Table 8) indicates a drastic need for further research in 
this area alone. 
A second principle necessary in goal formation deals with a 
recognition that goals are seldom simple nor single. The interrelations 
of various objec tives, none of which can be ignored , complicate the 
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choice among alternatives. As explained in Chapter II, various e nergy 
programs and environmental polic ies affect each other in adverse ways. 
While the attainment of their joint resolution would be optimal , the 
need may exist to settle with only one at the expense of the other . 
This is dramatically explicit when energy is set at the 50 percent 
level. As shown in Table 8 , only nonfeasible solutions result, 
indicating that the imposition of that type of policy option is clearly 
con tradictory to other societal goals (i.e., crop produc tion). 
For a goal to be realized it must be useful at all levels of the 
system for which it is designed. Therefore, the third basic principle 
is consistency of policy implementation across local, state, and federal 
areas of responsibility. This not only applies to vertical integration 
from the federal level down, but also to the horizontal movement across 
agencies at the same governmental level. Unless there is a common 
understanding as to the exact purpose of a particular program within 
all the different bureaucrac ies, the view that "one man ' s goal is 
another man's constraint" can easily lead to a disasterous result. 
In terms of this study, if the environmental and energy policies 
were employed in the Nishnatotna Basin, it would seem unlikely, given 
the economic, physical, a nd political situations in other areas , that 
the same set of policies would be applied throughout the nation . Thus, 
farmers in the Basin would be sacrificing income. The point is that 
the national, state, and local guidelines must be carefully integrated 
and woven into a unique policy in the case of environmental and energy 
matters. As shown in Table 8 if, for example, Iowa's Department of 
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Envirorunantal Quality requires the water quality levels of 150 mg/l 
sediment and phosphorus at .049 mg/! to be obtained at the same time 
the Federal Energy Administration required a 10 percent reduction in 
energy use , the effect would be an income reduction of $25 million 
annually (1975 prices). 
Supply and Demand Relationships 
These ideas can be expressed more fully by showing an economic 
analysis of the situation. Tables 9, 10, and 11 show results ob tained 
in t erms of 1975 prices and costs, a constant delivery ratio of 15 
percent and the three feasible energy use alternatives. The land use 
differences in each of these scenarios are typical of those presented 
in the remaining scenarios in Appendix C. From Table 9, where ener gy 
use is not limited, at the initial water quality levels, Rl is the 
predominant land use on land classes Al through D with R3 on E and 
pasturing occurring on land F and G. This pattern generally continues 
with contouring and gully control structures being built until the 
250 mg/l level at which R2 enters the optimal solution on Class D land 
and R3 enters on Class C land . At the most stringent water quality 
feasible terracing enters partially on Class B land with gully control 
st~ucture on land classes B through G. 
In contrast to the situation in Table 9 , in Tables 10 and 11 the same 
cost conditions and delivery ratios are given, but energy is reduced to 
90 and 75 percent, respectively . This results in a movement to the 
less corn-soybean intensive rotations. The use o f terraces, gully control 
Table 9. a Linear programming results under conditions of : cl, DR= 15%, E unlimited 
C°pp. Ener. 
Sed. Cost Land Classes Tri! Marginal Values 
Level Mil . $ Al A2 B c D E F G BTU Sed Pho . En 
10000-
4000 0.00 MnRl MnRlC MnRlC MnRl MnRl CnRJ p p 7 . 854 0 .00 0.00 0 
3000 . 617 II II II II MnRl II II II 7 . 864 .63 II II 
MnRlG 
2000 1.346 " II II MnRl II p II 11 7.838 1.42 II " 
MnRlG 
1000 3.930 II II II II MnRlG II II II 6 . 592 2.91 II II V1 00 
p 
500 5.530 II II II MnRlC p II II II 5 . 874 6.45 II II 
MnRlCG 
250 8.889 II II MnRlC CnR3G MnR2G II p p 5.592 24.80 II II 
MnRlCG MnRlG p PG PG 
p 
150 12.718 " II MnRlCG CnR3G MnR2G p II II 5.571 64 .15 90.10 " 
MnRlT p p PG 
PG 
75 NFS 
37-_,5 NFS 
aNote that more than one activity may occupy a land class . Thus if al l the activities are 
shown to be the same when the sediment constraint is tightened, this merely indicates that the 
amount of land within each activity is changing. 
Table 10. Linear programming results unde r conditions of : cl , DR= 15% , E= 90% 
Opp . En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho . En. 
10000-
4000 1.905 MnrlC MnRl MnRlC MnRl MnRl p p p 7. 069 0 . 00 0 .00 0 .00 
p 
3000 1.883 " II " " " " " " 7 . 078 " " " 
2000 2. 384 " MnRlC " " MnRl " " " 7.055 " ti " 
MnRlG 
p 
1000 4 . 695 " " " " Mn.Rl 
\J1 
II " 5 . 933 II " II \() 
p 
500 7. 855 MnR2 II MnRlC MnRl MnR2G II II 5 . 286 6 . 76 " " 
MnRlC MnRlCG MnRlG p 
250 12. 724 II ti II CnR3 MnR2G II II p 5 . 033 17 . 95 II " 
CnR3G p PG 
MnRlG 
150 25 . 357 II II MnRlCG HnRlT MnR2G p p " 5 . 014 68 . 58 608.37 .03 
MnRlT MnRlT PG PG 
PG 
75 NFS 
37 . 5 NFS 
Table 11. Linear programming result s unde r conditions of : Cl , DR= 15%. E= 90% 
Opp. En . 
Sed . Cost Land Classes Tril. }i.arginal Values 
Level Mil.$ Al A2. B c D E F G BTU Sed. Pho. En . 
10000-
4000 4 . 799 HnRl MnRlC MnRlC MnRl MnRl p p p 5.891 0 . 00 0 . 00 0 . 00 
p 
3000 4.787 ti ti ti " " II II II 5 . 898 " " II 
2000 4 . 828 " II " " II II ti II ::. . 879 II II II 
1000 8 .754 MnRl II 11 MnRlG MnRlG ti II 11 4 . 944 1. 52 11 11 °' 0 
MnR2 MnR2 p 
500 19 . 275 MnR2 II CnR2CG II CnR3 CnR2G II II 4 . 405 4 . 21 ti . 03 
MnRlC MnR2G CnR3 
CnR3G 
250 NFS 
150 NFS 
75 NFS 
37 . 5 NFS 
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structures and rotations 2 and 3 are clearly increased as better 
water quality is required. even t hough each scenario basically s t a r ts 
out in the same land use pattern . 
As shown in Figure 3, from each of the above tables, a supply 
curve of quality differentiated water in the Nishnabotna River under 
each of the scenarios studied can be developed. Presented in this 
way, the cost of the energy constraints, the delivery ratios or the 
effects of various cost combinations can be immediately seen. 
For example, when energy use is not considered , there is no 
opportunity cost involved in meeting selected water quality levels 
until a level of 3,000 mg/l sediment and the corresponding phosphorus 
value of .413 mg/l is required. As shown on curve XX and from Table 
9, the cost is approximately $617,000. The added effect of the 
energy constraint at the 90 and 75 percent leveJs , however, i ncreases 
the opportunity cost of water quality substantially at every level. 
At the initial water quality level, the cost increases to $1 . 9 million 
and $4 . 8 million for the 90 and 75 percent energy use options, 
respectively. Sharp cost increases occur as water quality approaches 
those levels which have significance for human use (i .e. , fishing or 
recreation, etc.). This is the case regardless of the energy policy 
in effect as shown in Figure 3. However, particular ly significant is 
the point at which concurrent energy conservation limits the attainment 
of water quality objectives . Thus when energy is not constrained, an 
objective of 150 mg/l suspended sediment is feasib l e . With addi tional 
costs, the same wat er quality is feasible , even though energy use is 
Opp. Cost 
(Million $) 
26 
24 
23 
22 
20 
18 
16 
14 
12 
10 
8 
6 
4 
z 
2 y 
62 
0 x 
10 9 8 7 6 5 4 3 2 
Water Quality 
Suspended Sediment Levels 
(in 1,000 mg/l) 
1 .5 .25 .15 
Figure 3. Quality differentiated water supplies under three 
a energy alternatives 
~erived from Tables 9, 10, and 11. 
XX c1 , DR= 15%, E unlimited 
YY C
1
, DR= 15%, E= 90% 
ZZ c
1
, DR= 15%, E~ 75% 
x 
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now reduced by 10 percent. But with energy consumption at 75 percent 
of its original need, only a water quality level of 500 mg/l suspended 
sediment is feasible . The economic trade-off between environmental 
protection and energy conserva tion is clearly evident. The conclusion 
must then be reached that in some cases , certain policies respecting 
both goals can be achieved but only at high cos ts, and in other cases, 
one goal can be achieved only at the sacrifice of the other. 
In addition to the above policy implications and limitations, 
there are also economic considerations related to resource allocation 
which must be considered. Assume in Figure 4 the supply curve for 
quality differentiated water, S, is abstracted from any one of the 
result tables in Appendix C. Let Ql represent an arbitrarily set 
government standard measuring the water quality level necessary for 
some hypothesized next use . Accordingly, Pl would be the cost involved 
to achieve that level of water quality. (In this case , the supply 
curve measures the cost of units of pollution abatemen t in terms of 
alternative farming practices.) The problem involved here is the 
specification of the demand for quality differentiated water. If one 
assumes that the government, by setting its standard, had the information 
necessary relative to the estimation of the demand curve, then one 
could assume that the demand would at least pass through point A as 
shown by Dg . If such a situation truly exists then there is no longer 
a problem, as the market for quality differentiated water is in 
Cost 
p 
m 
Low 
64 
s 
High 
Water Quality 
Figure 4. Supply and demand for quality differentiated water. 
equilibrium with society's judgment of the worth of water quality just 
equaling its cost. 1 
On the other hand, if the measure of society ' s demand for clean 
water is not accurately reflected in the enforced standard, but rather 
the demand is actually represented by Dm' the n a severe misallocation 
of resources will result. The quality of the water , although perhaps 
environmentally optimal from a fish ' s s tandpoint, would be much too 
clean from society's view. 
l Affected farmers are not likely to be very happy as they are 
the ones who must bear the cost . However, it is assumed that society 
ln general is made better off. A similar situation occurs when lands 
are taken for, say , interstate freeway construction. 
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Such an economic understanding has particular significance for a 
river basin such as the Nishnabotna. If we assume that the primary use 
of that river is for fish and aquatic life, then by requiring farmers 
in the basin to account for their pollution costs , we are assuming that 
the fish are worth at least the amount that is estimated by assuming 
some given level of water quality. If energy is tightened at the same 
time, then the worth of the fish in terms of the costs of water quality 
is even higher. 
Indeed, the question to be answered is, "What is society's measure 
of the next use(s) of the river?" Although there is very likely a 
problem in estimating this demand (i.e., particularly if a use can be 
classed as a public good), it seems it is essential for an optimal 
wate r or environmental quality policy. 1 
Long Run Implications 
A closer look at some basic economic theory s uggests the importance 
of wise e nvironmental and energy policy implementation. First, assume 
that the farmers in the basin represent a mini-industry and that s upply 
and demand schedules facing those farmers are as shown in Figure 5 . 
If Qo represents the amount of co rn and soybeans produced in the basin 
(i.e., 51 , 890 ,000 bushels of corn and 8 ,117,000 bushels of soybeans) , 
lAlthough a growing literature deals with the demand es tima tion 
of environmental amenities, little has been developed that can be 
easily, chea ply, and accurately applied . 
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L:1en point A would be the point of i nte r sec t ion at which the market 
is cleared . Given 1975 prices , Po would be app roximatel y $180 million . 
If environmental and energy cons traints are imposed, the effec t is to 
s hift the s upply curve up to s 1, s2 , e tc. With no corr esponding change 
ln the dema nd curve and with p roduc tion maintained at the same level, 
it is obvious that the tighter the controls become, the further away 
th is market gets from equilibrium. 
Price 
()0 
Figure 5. Supply and demand f or c r op produc t s . 
Ouantity 
Figure 6 illustrates the situation at the level of the firm if the 
control s are enforced only on the Nishnabotna Basin withou t similar 
controls elsewhere . Assuming compe tit ion , the price of corn (soybeans) 
is determined in the market with the individual farmers having no 
control over it. Therefore, in o rde r to maximize profits he will adjust 
his production in s uch a way so as t o produce at the in t ersection of 
I MCl 
/ Price Cost 
/ AC1 s / 
' /Meo '- ..,,,,.., 
/ 
/ AC0 
/ 
Po Po - - -........ -
a-...... 
D 
'!uantity Quantity 
Industry Firm 
Figure 6 . Firm cost curves. 
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his marginal and average cost curves, MCo and ACo (27, pp. 108-121). 
But with the enforcement of environmental and/or energy programs, 
the firm costs are increased to MC1 and AC 1. Note that the firm cannot 
pass on this higher cost of production through higher market prices, 
as they are exogenously determined. Each firm in this situation suffers 
a loss that cannot be maintained while it is expected at the same time 
to maintain production. Although the assumptions in the analysis may 
not exactly fit the actual situation, the need for careful and coordinated 
policy planning and implementation is clearly evident . 
Recent work by Heady and Nagadevara (26) has shown a very similar 
situation. Their work shows the economic effects of implementing land 
use and environmental controls in a single state. That study indicates 
that farmers in the particular state would be required to pay the 
costs of environmental improvement, while benefits would accrue to the 
nation as a whole and to farmers elsewhere in the form o f higher incomes. 
Alternative Solutions 
With the results of the programs showing such large economic 
burdens due to the imposition of various energy and environmental 
policies, it seems imperative that action be taken in order to relieve 
that burden. Thls can be accomplished in several ways. While the 
actual cost may be the same , the government could disperse the incidence 
of the total bill through a general revenue subsidy scheme to farmers 
and thereby allow relatively small economic burdens t o be placed on 
individuals. While this method has historical precedence, such as 
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agricultural parity prices, questions may be raised regarding its 
equity issues and the so-called "license t o pollute" (68 , pp. 222-223) . 
Another approach could be employed in which , say , the selling 
price of the corn and soybeans would be artificially inc reased to 
reflect the cos ts of environmental and energy conservation. This 
method would treat energy reduction and erosion control as additional 
factors of production . In the Nishnabotna Basin, for example, in 1975 
if the total cost were entirely placed on corn production , the additional 
increase in price would be approximately 25¢ per bushel under the 
unlimited energy option in order to attain the best feasible water 
quality level. An estimated selling price of $2 .91 per bushel from 
corn in the Nishnabotna Basin would be the amount needed to fully com-
pensate farme rs for their switching to more soil conserving practices . 
For energy levels at 90 and 75 percent, the per bushel increase would 
be 49¢ and 37¢, respectively. 1 If the burden were placed on soybeans , 
an additional $1.57 , $3 .12 , and $2 .37 per bushel would be required for 
the respective energy use alternatives . In addition , a large number 
of combinations of simultaneous increases in the two products exist 
in order t o cover the cost of the policies. 
The problems associated with this approach, however, would require 
specific price controls in each river basin in order to fully account 
!unde r the 75 percent energy alternative only a 500 mg/l sediment 
level is obtained while the 150 mg/1 level is obtained in the other two 
alternatives . 
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for the physical differences in each geographic location. This would 
imply different crop prices throughout the nation and would favor 
those farmers in areas that have relatively little erosion problems. 
Both of the above two institutional changes have been directed at 
making the society in general better off. This may be a distorted view. 
That is, a person in Los Angeles may not care at all about water quality 
in the Nishnabotna Basin, yet his tax money or food prices may be paying 
for environmental protection in Southwest Iowa. This situation is 
similar to that presented in Figure 4. Another institutional type 
approach is suggested by the Iowa Soil Conservancy District Law (33). 
In 1971, the Iowa Legislature passed this law in which the main emphasis 
is on a maximum permissible soil loss per year. 1 The law provides that 
e rosion from all areas can be declared a nuisance and abated after due 
process . Given a particular soil type, a legal limit of soil loss was 
established by the Iowa Department of Soil Conservation . 
With regards t o reducing the economic burdens imposed by various 
environmental policies, this approach suggests that the next user of 
lFor Marshall soils the limit is five tons per acre per year (36). 
In the linear programming model used, effects of such a law could be 
estimated by elimating those activities from the program which were 
calculated to have soil losses greater than five tons. However, a check 
of the results indicates that, in most cases, by obtaining tight water 
quality parameters, soil loss is automatically restricted to the legal 
limlt. Therefore, additional runs were not made because the likely effect 
would be merely to cause the s ame activitie s which now occur at the 150 
mg/l level to enter at some higher level. Such a result would probably 
have little effect on the results of the model and, therefore, the addi-
tional expense in generating almost twice as much output seemed too 
cos tly. 
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the water i nitiate and pay for its needed quality level. The basis of 
this approach is that if there is no economic demand for a next use, 
there is no actual economic damage created by the first use. If, for 
example , a party needed a water quality in which 150 mg/l of sediment 
and the corresponding . 049 mg/l of phosphorus were required for its 
incorporation into some production process, a private payment of $12.7 
million (1975 prices) to the Nishnabotna farmers would be necessar y . 
The problem in dealing with the rive r basin cos ts in this manner 
is that it is impossible for one party to cap ture all the benefits 
pr oduced by his paying for the environmental clean-up. Thus in the 
Nishnabotna, if for example, a city r equired water from the river to 
be used in its water s upply at the 150 mg/l level, the ci t y could only 
capture the full wo rth of its $12.7 million payment if it could com-
pletely use all the water in the river and allow no clean water to be 
used for non-paying fishermen or r ecreationalists. Thus this approach 
could be used only if the competing use parties could be iden t ified 
and be required to compe nsate for the benefits they receive . 
Another method in which the over all costs of the various energy 
and environmen tal policies could be lessened is by improvements in 
technology. Given a fixed amo un t of raw resources from which to draw, 
and the desire to at l eas t maintain present production levels , tech-
nological progress ls a necess ity . Particularly, developments in the 
area of minimum tillage practices could open up a large range of 
possible conservation me thods in which costs could be reduced . In this 
study only a no tillage approach was investigated . However , there are 
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many conservation methods in which various kinds of technologies may 
be applied . The methodology used in this study could be expanded to 
provide for the use of these technologies. 
All of these approaches possess respective revenue generating, 
soil retention, and energy using capabilities . In Iowa some form of 
conservation tillage is applicable in every area in the state (74). 
The no-tillage treatment was designed to serve as one extreme on a 
continuum of soil tillage methods as shown below. The other tillage 
methods would fit somewhere in between as illustrated below. 
Conventional Till 
(Maximum soil loss) 
No Till 
(Minimum soil loss) 
Other studies show that minimum tillage can be a less costly 
method of operation both in terms of money and energy (38, 84) . Thus, 
with such economic, environmental, and energy-saving incentives , more 
future emphasis in these practices is likely . 
Tables 12 and 13 show the results of studies conducted by the SCS 
on minimum tillage systems in Iowa. As would be expected , methods of 
conservation tillage are growing every year . In addition, in 1975, 
with approximately 24.564 million acres planted to principal crops in 
Iowa (34) , approximately 25 percent of the area was in some form of 
conservation tillage. With more emphasis towards educational and 
research programs which stress the added management practices needed to 
control additional plant disease and insects, which may occur with 
Table 12. Conservation Tillage Progress in Iowaa 
Till Rotary Slot Chisel Chisel 
Year Plant StriE Plant Plant Plow Other Total 
-----------------------Thousand Acres-----------~---------------
1968 112 . 8 58.5 19.4 95 . 4 b 157 . 5 443 . 9 
1969 172 . 8 84.3 30 . 9 154. 7 ---12 694 . 5 1137 . 3 
1970 212.2 63 . 9 51. 8 72 . 2 ---12 1571. 6 1971 . 7 
1971 227 .2 65 . 9 70 . 2 60 . 1 606 .l 1198 . 5 2228 . 0 
1972 237 . 6 94 . 2 101. 3 60 . 6 805.8 1600 . 4 2899 . 9 
1973 265 . 2 147 . 5 110.4 50 . 7 1165 . 0 3776 . 6 5515.5 -...J ~ 
1974 Data not available. 
1975 272.4 194 . 4 106.0 _c 1781. 2 3784.5 6138 . 5 
1976 281.4 187 . 8 117 . 7 _c 2389.0 4226 .1 7202 . 0 
a Compiled from (74). 
b 
Included in "Other". 
c Included i n "Chisel plow" . 
Table 13. 
SGS 
Area 
a Conservation Tillage in Iowa -- 1976 
Till Rotary Slot Chisel 
Plant Strip Plant Plow Other Total 
-------------------------------Thousand Acres-------------------------
1 167.5 10. 3 58 . 8 377 . 5 659 . 8 1273 . 9 
2 28 . 8 3.8 2.1 682.2 640. 7 1357 . 6 
3 8 . 4 9. 6 2 . 0 278.3 457 . 3 755 . 5 
4b 25 . 0 15 . 6 10. 5 162 . 4 624 . 2 837 . 7 
5 21.4 124 . 4 10.4 426 . 7 938 . 3 1521. 2 
6 17.2 21. 2 27 . 7 377.6 395 .1 838.7 
7b 13.0 3 . 1 6 . 3 84 .4 510.7 617.5 
Total 281 . 4 187 . 8 117 . 7 2389.0 4226 . 1 7202 . 0 
a Compiled from (74) . 
b SGS Areas 4 and 7 con t ain the counties in which the Nishnabotna Basin 
'-I 
~ 
is located . 
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minimum tillage, its increase in the state will occur. Also, there 
is the need to work out some form of balance in which the environmental 
damage treated by expanded chemical pesticide applications can be 
appropriately minimized (66). With further exploration, minimum tillage 
methods hold great promise for meeting the environmental and energy 
requirements of the future while at the same time allowing for necessary 
production. 
Results presented in this chapter illustrate why the selection of 
competing policy options is so critical to U.S. agricultural , environ-
mental, and energy needs. With the U.S. basically in the beginning of 
its environmental and energy planning horizon, it appears urgent that 
future economic analysis be undertaken to estimate the alternatives as 
a basis for choice. 
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CHAPTER V. 
CONCLUSIONS, FURTHER RESEARCH NEEDS AND SUMMARY 
The first objective of this study sought to develop an analytical 
framework in which the impact of water quality parameters on agricul-
tural production could be es timated. With 48 scenarios and 720 individ-
ual solutions , the study provides a large range of analysis. Many 
more results could be obtained with additional data and funds which 
were not available for this study . Assumptions and data used provide 
the realization of the urgent need for further research, most of which 
is in other disciplines. Specific work is indicated in the development 
of the delivery ratio, the available to total phosphorus ratio and the 
Universal Soil Loss Equation. In addi tion, if data were available, the 
development of this model based on individual watersheds within the 
river basin, and then aggregated , could provide better cost estimates. 
Specific to agricultural production and water quality, the model 
developed presents minimum cost estimates of crop production when 
water quality criteria are specified. The model develops physical and 
economic linkages in order to show the relationship between water 
quality and farming prac tices . Depending on the nature of these linkages, 
the mode l es timates the cost of ob taining the mos t stringent feasible 
water quality in the Nishnab otna River Basin to be between $7 and $64 
million . 
The second objective was to provide an estimate as to how sensitive 
the environmental limitations are when simultaneously considered with 
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energy constraints . In this area the program indicated that energy 
usage is a vi t al consideration in maintaining agricultural production . 
From the results obtained if energy consumption is reduced to 50 
percen t of its estimated need, produc tion cannot be maintained. 
When energy usage is r e duced by 10 percent and 25 percent, the 
results indicate that only under certain o the r economic and environ-
mental considerations can production be sustained. In these situations 
costs are substantially increase d over those cases where energy is 
not a limiting factor. Some concern is expressed for the exact 
estimation of energy usage, but the method and results do correspond 
to those developed by others (62). The mos t significant result 
obtained from the inclusion of the energy cons traint is the conclusion 
that environmental problems cannot be handle d on a piecemeal basis . 
Also, insufficient data a r e available to delve into implications with 
a high degree of accuracy. Such a lack of data, for e xample, necessi-
tated the exclusion of nitrogen, as an additional and perhaps mor e 
environmentally damaging and energy us ing constraint than phosphorus 
within this model. 
The third objective of viewing the effects of different price-cos t 
combinat ions within the model framework provided important findings . 
These are (1) that gove rnmentally imposed standa rds in t e rms of water 
quality or e ne rgy cons umption may not have the same year to year 
effects on costs, production, or production technologies and (2) that 
the physical use of environmental and energy resources cannot be 
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isolated from the economic implications they carry . With a constant 
15 percent delivery ratio and with energy use unconstrained, the four 
cost-price combinations result in estimates ranging from $7 to $43 
million for some level of water quality (Table 8). Such analysis 
indicates need for a consistent and integrated policy regarding 
energy and environmental issues. 
In summary the model provides necessary results in responding to 
the objectives of the study. 
Further Research Needs 
Many areas of research have been suggested throughout the study. 
A more specific program could be developed by enlarging the model to 
embrace watersheds within the basin, individual farms, and alternative 
methods of minimum tillage. These mini-models could then be aggregated 
in order to better estimate the physical movement of soil and, therefore, 
provide better cost estimates. 
Further research is required to estimate environmental impacts 
of additional pollutants, particularly nitrogen and pesticides. Such 
additional research appears hampered by lack of data on how these con-
stituents move through the environment and their potential for damage. 
With regard to nitrogen, at least some rough estimates of data appear 
possible but the analysis would r equire an intensive research effort 
to estimate nitrogen movement in soil erosion and water runoff . 
The need for research in the physical area is shown by examining 
the effect of moving from a 15 percent to a 25 percent delivery r atio . 
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In 1975 prices, when energy is unconstrained, a 231 percent increase 
of approximately $17 million is the result obtained . 
The consequence of combining various farming practices with other 
water treatment facilities with the objective to reduce costs appears 
warranted. This analysis could prove particularly useful, especially 
if energy constraints are included. 
Considerable work on the estimation of demand for quality 
differentiated water supplies cons titute an important area in which 
more progress is needed. I f projections could be made of various 
demand situations, along with projections of the quality oriented 
supplies, important policy guidelines could be provided . 
Multiple objective prograrmning could be developed to show how 
sensitive cost estimates are to politically or socially determined 
objectives . .An entire array of various environmental , energy , 
technological, and institutional goals in connection with their 
economic trade-offs could be projected under various weighting schemes. 
Thus, not only could the economic trends be studied , but also acceptable 
policy options could be evaluated. 
As more research and legislation regarding energy consumption is 
accumulated, additional studies can be made on the effects of these 
developments. Specifically, research is needed on the economic con-
siderations involved in agriculture's use of various energy resources 
and how more effecient energy use can be maintained at the farm level. 
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Summary 
This study focuses on the maintaining of crop production by 
farmers in a localized area when faced with various environmental and 
energy conservation constraints . Agriculture is shown to be both a 
direc t consumer of energy and a potential contributor to environmental 
degradation . Data are presented which show particular application of 
linear programming to a river basin. Specifically, farming practices 
are delineated in terms of their costs, returns, erosion losses, 
suspended sediment and available phosphorus contributions to the river 
system and energy use. 
The minimum cost, in terms of farm income sacrificed, of various 
governmentally imposed energy and environmental standards is estimated 
when a minimum amount of crop production is required. Parametric 
programming enabled a large number of combinations of the various 
standards to be evaluated . 
In addition, programs also examined the effects of various economic 
trends within the model framework. To accomplish this, four sets of 
cost-price combinations are specified for each farming activity . These 
cost-price combinations represent the increasingly inflationary trend 
ln cos ts tha t has occurred from 1971 through 1975 with parallel and non-
parallel movements in prices . 
A large amount of data is also presented relating to the effects 
of various land charac teristics on farming costs, erosion losses, and 
energy consumption . Simplifying assumptions are developed where precise 
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data was not available. These assumptions somewhat limit the scope 
of this r esearch, but clearly show how critical more scientific 
evidence in other disciplines is needed. 
The model estimates supply schedules for quality differentiated 
water within the study area . Under the assumption that demand for 
such wate r is present, suggestions are discussed as to how farmers 
could be compensated for their supply of such water. Alternative 
institutional and technological developments are considered essential 
for solving the nation's environmental and energy problems . 
Results obtained from the programming models show several important 
conclusions. First, based on the assumptions of the model, it is not 
possible to meet every water quality standard, regardless of the 
limit placed on energy use. Therefore, the cost of environmental pro-
tection is, by itself, extremely high. Cost estimates for water 
quality al one range from $7 to $64 million. Second, the simultaneous 
imposition of energy consumption constraints increase costs for all 
situations studied. Cost increases due t o energy restrictions range 
from 10 to over 100 percent . Third, the results obtained due to 
(1) the lack of precise knowledge regarding the delivery ratio and 
(2) e nergy use variables show the need for consistent, integrated, 
and ca reful policy implementation. And, fourth, the results show that 
environmental and energy use problems are neither simple nor inexpen-
sively solved. The impact of variable national economic activity, 
due to dynamic supply and demand relationships throughout all sectors 
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and represented in the four cost-price combinations, show additional 
considerations for policy making . The costs of the various scenarios 
indicate the need for realization that national, state and local policy 
decisions regarding energy conservation and environmental protection 
must be carefully integrated. These combined policies must be flexible 
enough to provide for the impact of various economic trends on energy 
and environmental programs as well as other national objectives, and at 
the same time, contain a consistency of purpose across all governmental 
levels. Further investigation in this area will provide insight r egard-
ing optimal policy making with respect to the nation ' s natural resources . 
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APPENDIX A: COST DATA 
Table A-lA. Annual fixed costs for farm machinery--Con Rl 
1971 1974 1975 
Unitb Fixed An.Fix. Uni~ Fixed An.Fix. Unitd Fixed An.Fix . a a c c Ratec Cost Machine Size Cost Rate Cost Cost Rate Cost Cost 
Tractor (di esel) 125hp 13200 18 . 5 2455 18840 19.5 3674 23320 19.0 4431 
Tractor (diesel) 70hp 7200 18 . 5 1332 10225 19.5 1994 12650 19.0 2404 
Mold. Plow 6- 16 1910 19 . 7 376 2760 20 . 7 571 3380 20 . 2 683 
NH3 Applicator 7kn . 
1290 19.7 254 1865 20.7 386 2280 20 . 2 461 
Tandem Disk w/ 
Pest. Attach . 20' 2975 19. 7 586 4300 20 . 7 890 5260 20 . 2 1063 
Harr ow (spike) 30 ' 295 19 . 7 58 425 20 .7 88 520 20 . 2 105 
Planter 8- 30 3675 19.7 724 5310 20.7 1099 6500 20.2 1313 
S. P. Combine llOhp 16315 19.6 3198 23165 20.6 4772 28670 20 . 1 5763 
Corn Head 3- 30 2850 19 . 7 561 4120 20.7 853 5040 20 . 2 1018 
Platform 15' 1805 19.7 356 2610 20.7 540 3190 20 . 2 644 
Cultivator 8- 30 1440 19 . 7 284 2080 20.7 431 2550 20 . 2 515 
Rotar y Hoe 8- 30 1490 19 . 7 295 2150 20 . 7 445 2630 20 . 2 531 
Wagons (2) 150bu 1150 19.6 225 1660 20.6 342 2040 20 . 1 410 
Total 55665 10703 79510 16085 98030 19341 
1\iachiner y se t s were derived in consul t ation with David Williams, Agricultural Engineer, 
Iowa State University . The sets for al l r otations take into account the farming ar ea, workdays 
available, r o tations , tillage practices and size of farm (320 ac r es). 
b 
Adjusted from 1975 using the Production Index (78 , pp. 9-11) . 
cRate was determined using the method described in (21 , pp. 12-16). Interest rates were 
obt a ined from local banks and were 8, 9 and 8.5 percent for 1971, 1974 and 1975 respective ly. 
The tax rate was assumed to be 2 percent and is based on the average mill levy of the counties 
in the basin. 
d Data taken f rom (38) . 
\0 
N 
Table A-lA (Continued) 
Machine Repair % e Repair Costs $/ac. /yr. 
of I. L. P. 1971 1974 1975 
Tractor 27.7 1.15 1. 63 2 . 02 
Tractor 27.7 .62 .88 1.09 
Mold. Plow 20.2 .59 ~86 1.05 
NH
3 
Appl. 116. 0 .47 : 68 .82 
Tandem Disk w/ 
Pest Attach. 15 . 4 .14 .21 .25 
Harrow 23 . 7 .02 .03 . 04 
Planter 26.4 . 30 .44 .5 4 
S.P. Combine 18.3 .93 1. 32 1.64 
Corn Head 15. 5 .14 . 20 .24 
Platform 2.5 . 01 .02 .02 
Cultivator 19.2 .09 .12 . 15 
Rotary Hoe 19 . 2 .09 .13 .16 
Wagons 28.7 .10 .15 . 18 
Total 4.65 6.67 8.21 
eRepairs as a percentage of initial list price are based on the average number of hours 
for the first 10 years of use as found in (7). These percentages were then used in the for-
mulas found in (21, p. 233). 
•.;) 
w 
Table A-lB. Annual fixed costs for fann machinery- -Con R2 
1971 1974 1975 
Unit Fixed An.Fix. Unit Fixed An.Fix. Unit Fixed An . Fix. 
Machine Size Cost Rate Cost Cost Rate Cost Cost Rate Cost 
Tractor (diesel) 100hp 11520 18.5 2131 16355 19.5 3189 20240 19.0 3846 
Tractor (gas) 50hp 5445 18.5 1007 7730 19.5 1507 9570 19.0 1818 
Moldboard Plow 5- 16 1640 19.7 323 2370 20.7 491 2900 20.2 586 
NH
3 
Applicator 7kn. 1290 19.7 254 1865 20.7 386 2280 20.2 461 
Tandem Disk w/ 14' 1605 19.7 316 2320 20.7 480 2840a 20.2 574 
Chem. Atta ch . 
Harrow (spike ) 20' 215 19.7 42 310 20.7 64 J80 20.2 77 
Plante r 4 -38 905 19.7 178 1305 20.7 270 1600 20.2 323 
Cultivator 4 -38 935 19.7 184 1350 20 . 7 279 1650 20.2 333 
Mower/Cond . 7' 2200 19.6 431 3180 20.6 655 3890 20.1 782 "° Baler PTO 2215 19.9 441 3200 20.9 669 3920 20.4 800 """ 
Wagon 150bu 460 19.6 90 665 20.6 137 810 20.1 163 
Grain Drill w/ 10' 1370 19.7 270 1980 20 . 7 410 2420a 20.2 489 
grass at ta. -- --
total 29800 5667 42630 8537 52500 10252 
ap . rice includes $350 for attachments for disk and $200 for grain drill . 
Table A-lB (Continued) 
Machine Repair % Repair Costs $/ac./yr. 
of I.L.P. 1971 1974 1975 
Tractor 27.7 1.00 1.41 1. 75 
Tractor 27.7 .47 .67 . 83 
Plow 99,5 .51 . 74 .90 
Applicator 116.0 .47 .68 .83 
Disk 15.4 .08 .11 .14 
Harrow 23.7 .02 .02 .03 
Planter 26.4 07 .11 . 13 
Cultivator 19.2 .06 .08 .10 
Mower/Cond. 18.5 .13 .18 .22 
Baler 18.9 .13 .19 .23 
Wagon 28.7 . 04 .06 .07 
Grain Drill 8 .4 .04 .05 .06 .D 
V1 
total 3.02 4.30 5.29 
Table A-lC. Annual fixed costs for farm machinery--Min R1 
1971 1974 1975 
Unit Fixed An.Fix. Unit Fixed An. Fix. Unit Fixed An.Fix. 
Machine Size Cost Rate Cost Cost Rate Cost Cost Rate Cost 
Tractor (gas) 60hp 6325 18.5 1170 8980 19.5 1751 11110 19.0 2111 
Minti l Planter 6-30 4360 19.7 '859 6300 20.7 1304 7710a 20.2 1557 
w/Chem . Attach. 
Cultivator 6-30 940 19.7 185 1360 20.7 282 1660 20.2 335 
S.P. Combine llOhp 16315 19. 6 I 3198 23165 20.6 4772 28670 20.1 5781 
Cornhead 3-30 2850 19 . 7 561 4120 20.7 853 5040 20.2 1018 
Platform 15 1 1805 19.7 356 2610 20.7 540 3190 20.2 644 
Tandem Disk 14 1 1420 19.7 280 2050 20.7 424 2490 20.2 503 
Wagons (2) 185bu 1150 19.6 225 1660 20.6 342 2040 20.l 410 -- --
\0 
total 35165 6834 50245 10268 61910 12359 "' 
Repair % Repair Costs $/ac./yr . 
of I.L.P. 1971 1974 1975 
Tractor 27. 7 .55 .78 .96 
Min. Planter 26.4 .36 . 52. .64 
Cultivator 19.2 .06 .08 .10 
Combine 18.3 .93 1.32 1. 64 
Cornhead 15 . 5 .14 .20 .24 
Platform 2.5 .01 .02 .02 
Tandem Disk 15.4 . 07 .10 .12 
Wagons 28.7 . 10 .15 .18 
total 2.22 3.17 3.90 
a 
Price i ncludes $350 for attachments. 
Table A-lD. Annual fixed cos ts for farm machinery--Min R2 
1.971 1974 1975 
Unit Fixed An .Fix. Unit Fixed An.Fix. Unit Fixed An. Fix. 
Machine Size Cost Rate Cost Cost Rate Cost Cost Rate Cost 
Tractor (diesel ) 80hp 10140 18.5 1876 14395 19.5 2870 17820 19.0 3386 
Tractor (gas) 50hp 5445 18 . 5 1007 7730 19.5 1507 9570 19.0 1818 
Tandem Dish 14' 1410 19.7 278 2035 20.7 421 2490 20.2 503 
Harrow (spike) 20' 215 19.7 42 310 20.7 64 380 20.2 77 
Mintil Planter 
w/Chem. Attach. 4-38 3105 19.7 612 4485 20.7 928 5490a 20.2 ll09 
Grain Drill w/ a 
grass Atta. 10' 1320 19 . 7 270 1980 20.7 410 2420 20 . 2 489 
Cultivator 4-38 935 19.7 184 1350 20.7 279 1650 20.2 333 
Mower /Cond. 7 I 2200 19.6 431 3180 20.6 655 3890 20.l 782 
Baler PTO 2215 19.9 441 3200 20.9 669 3920 20.4 800 \0 '-2 
Wagon 150bu 460 19.6 ~ 665 20.6 --1ll 810 20.1 ---121 
total 27495 5231 39330 7877 48440 9460 
Repair % Repair Costs $/ac./yr. 
of I.L.P. 1971 1974 1975 
Tractor 27.7 .88 I. 25 1. 54 
tractor 27.7 .47 .67 .83 
Tandem Disk 15.4 . 07 .10 12 
Harrow 23.7 .02 02 03 
Min. Planter 26.4 . 26 . 37 45 
Grain Drill 8 .4 .04 .06 .06 
Cultivator 19.2 . 06 .08 .10 
Mower/Cond. 18.5 13 .18 . 22 
Baler 18. 9 . 13 .18 . 23 
Wagon 28.7 .04 . 06 .07 
total 2.10 2.97 3.65 
ap . ri.ce includes $350 fo r attachments for planter and $200 for grain drill. 
Table A-lE. Annual fixed costs for farm machinery--Con R3 
1971 1974 1975 
Unit Fi xed An.Fix. Unit Fixed An.Fix . Un i t Fixed An.Fix . 
Machine Si ze Cost Rate Cost Cost Rate Cost Cost Ra t e Cost 
Tr actor (diesel ) 70hp 7200 18.5 1332 10220 19.5 1993 12650 19.0 2404 
Tractor (gas) 50hp 5445 18.5 1007 7730 19 . 5 1507 9570 19.0 1818 
Moldboard Plow 3- 16 705 19.7 139 1020 20.7 211 1250 20.2 252 
Tandem Disk w/ 12' 1605 19.7 316 2320 20.7 480 2840 20 . 2 57 5 
Chem. Attach . 
NH
3 
Applicator 7kn. 1290 19 .7 254 1860 20 . 7 385 2280 20 . 2 461 
Planter 4-38 905 19.7 178 1305 20 . 7 270 1600 20 . 2 323 
Grain Drill w/ 10' 1255 19.7 247 1815 20 . 7 376 2220 20.2 448 
Chem. Atta. 
Cultivator 4- 38 930 19.7 183 1350 20.7 L79 1650 2U. :! 333 
Mower/Cond . 7' 2200 19.6 431 3180 20.6 655 3890 20.1 782 l.O 
Baler PTO 2215 19.9 441 3200 20.9 669 3920 20.4 800 
~ 
Wagon 150bu 460 19.6 90 660 20 . 6 136 810 20.1 163 --
total 24210 4618 34660 6961 42680 8359 
Repair % Repai r Cos ts $/ac . / yr . 
of I.L . P. 1971 1974 1975 
Tractor 27.7 .62 .88 1.10 
Tractor 27 . 7 .47 .67 .83 
Plow 99 . 5 .22 .32 .39 
Disk 15.4 .08 .11 . 14 
Applicator 116 . 0 .48 . 67 . 83 
Planter 26 .4 . 07 .11 . 13 
Drill 8.4 .03 . 05 .06 
Cultivator 19.2 .06 .08 10 
Mower /Cond. 18.5 . 13 .18 . 22 
Baler 18.9 .13 .19 .23 
Wagon 28 . 7 . 04 . 06 . 07 
total 2.33 3.32 4.10 
Table A-2A. Time, labor and f uel requirements and associated costs--Con Rl 
Time 
a 
Labor b 
hr / ac hr/ ac 
0Eeration Corn Sol. Corn So;t. 
Disk Stalks . 09 . 09 .099 .099 
Plow .36 .36 .396 .396 
Apply NR3 .17 .187 
1st Diski ng .09 . 09 . 099 . 099 
2nd Disking . 095d .095d .112d .112d 
w/chem. 
Harrow . 06 .06 .066 .066 
Plant .12 .11 . 145 .133 
1st Cultivation .12 . 12 . .132 . 132 
2nd Cultivation .12 .12 .132 .132 
Hoe .07 .07 .077 .077 
Combine 
Cornhead .56 .65 
Platform . 27 .313 
total 1. 855 1. 385 2.095 1.559 
aAverage times from (38). 
bAdapted f rom (21, pp . 230-232). 
cObtained from (2) . 
Fuelc Labor Costs ~lac 
gal/ac 1971 1974 
Corn So;t. $1. 90/hr. $2.50/hr . 
. . 50 . 50 Corn : 
1. 90 1. 90 3.98 5.24 
. 60 Soy.: 
.70 . 70 2.96 3 . 90 
. 70 . 70 Weighted Average: 
.30 .30 3.64 4 . 79 
.60 .60 
.45 .45 ~ / ac .45 .45 Fuel Costs 
. 20 .20 1971 
1974 
Corn : 
1.43 2 . 78 1.60 
1. 10 Soy . : 1. 24 2.40 
8.00 6.90 Weighted Average : 
1. 37 2 .65 
1975 
$2.75/hr. 
5 . 76 
4 . 29 
5.27 
e 
1975 
2.94 
2 .53 
2 . 80 
d Adjusted on time and labor requirement by .05 and .13 respectively (44, p . 187). 
eDiesel fuel costs were obtained from (78) and were $0 .179 / gal. for· 1971 , $0.348/gal. 
for 1974 and $0.367/gal . fo r 1975. 
\0 
'° 
Table A-28 . Time, labor and fuel requirements and associated costs--Con R2 
Time Labor Fuel a 
Hr/ac Rr/ac gal/ac. 
Oeeration Corn So~ . Oats Mead. Corn Soy. Oats Mead . Corn So::t. Oats Mead. 
Pasture Clip .31 .34 .683 
Di sk Stalks .13 .13 . 13 . 143 . 143 . 143 .566 .566 .566 
Plow .33 .33 .363 .363 2.164 2.164 
Apply NH3 .17 .187 . 666 
1st Disking .13 .13 .143 . 143 .799 .799 
2nd Disking .137 . 137 .151 .151 .799 . 799 
w/chem. 
Harrow .08 . 08 .088 .088 .350 .350 
Plant .19 .18 . 229 .217 .683 . 683 
Grain Drill .22 .265 .400 t-' 
0 
Mow/Cond. 0 
3 times/yr. .99 1.15 .205 
Bale 
.63 .69 1.548 3 times/yr . 
1st Cultivation .18 .18 .198 . 198 .516 .516 
2nd Cultivation .18 . 18 .198 . 198 .516 .516 
---
total 1. 527 1.347 . 35 1. 93 1 . 700 1.501 . 408 2.18 7.059 6.393 .966 4 . 279 
Labor Costs ~/ac Fuel Costs b ~/ac 
1971 1974 1975 1971 1974 1976 
Corn 3.23 4.25 4.68 1.57 2.09 2.88 
Soy . 2.85 3.75 4 . 13 1.42 2 .46 2.61 
Oats . 78 1.02 1.12 .21 .37 .40 
Mead. 4.14 5.45 6.00 .95 1. 65 1. 74 
Wt .Aver. 3.06 4 . 03 4.44 1.11 1. 72 2.04 
aAssume diesel tractor is used for 2/3 of the work. 
b 
Fuel costs are based on a diesel/regular gasoline price of $.179/.31 for 1971 , $ . 348/.459 
for 1974' and $.367/ . 493 for 1975. Data taken from (78). 
Table A-2C. Time, labor and fuel requirements and associated costs--Min RI 
Time Labor Fuel Labor Costs ~/ac 
hr/ac hr/ac gal/ac 
012eration Corn Sol· Corn Sol· Corn Sol. 1971 1974 1975 
Disk Stalks .13 .13 .143 .143 .70 70 (;orn: 
Apply NH3 .17 .187 .80 2.88 3. 79 4 . 17 
Till Plant .17 .16 .205 .193 . 70 . 70 Soy.: 
w/ chem. 
1st Cultivation .15 .15 .165 .165 .65 . 65 1.86 2.45 2.69 
2nd Cultivation .15 15 .165 .165 .65 .65 Weighted Average: 
Combine 
Cornhead .56 .65 . 235 2.54 3.34 3.68 
Platform ..J.]__ .313 _:..ll. 
Fuel Costs $/ac a ...... 
total 1. 33 .86 1.515 .979 5.85 4.40 l9ll 1974 1975 0 ...... 
Corn: 
1.81 2.69 2.88 
Soy.: 
1. 36 2 . 02 2.17 
Weighted Average: 
1.66 2.47 2.64 
aRegular gasoline costs obtained from (78). 
Table A-2D. Time, labor and fuel requirements and associated cos ts--~n R2 
Time Labor Fuel a 
Hr /ac Hr /ac gal / ac 
Operation Corn Soy . Oats Mead . Corn Soy. Oats Mead. Corn Soy. Oats Mead. 
Pasture Clip .31 . 34 .683 
Disk Stalks . 13 . 13 .13 . 143 . 143 .143 .566 . 566 .566 
Till Plant . 25 . 24 . 301 .289 . 566 . 566 
w/chem . 
1st Cultivation .18 .18 .198 . 198 .516 . 516 
2nd Cultivation .18 .18 .198 . 198 .516 . 516 
Grain Drill . 22 . 265 .40 
Mow/ Cond . 
3 times / yr . .99 1.148 2 . 048 
Bale 
3 times /yr. . 63 . 693 1. 548 
,....... 
u 
Apply NH3 . 17 .187 .666 N -- --
total . 91 . 73 .35 1. 93 1. 027 .828 . 408 2 . 181 2 .830 2 . 164 . 966 4. 279 
Labor Costs $/ac Fuel Costs $/ai:. 
1971 1974 1975 1971 1974 1975 
Corn 1. 95 2.57 2.82 .63 1. 09 1.16 
Soy. 1. 57 2. 07 2 . 28 . 48 . 83 . 88 
Oats . 78 1. 02 1.12 .21 . 37 . 40 
Mead. 4 . 14 5.45 6.00 . 95 1. 65 1. 74 
Weighted Average : 
2 . 42 3.19 3.51 .64 1.11 1.18 
aAssume diesel tractor is used for 2 I 3 of the work . 
bFuel costs a r e based on the same prices as those in Table A- 2A . 
Table A-2E. Time, labor and fuel requirements and associated costs--Con R3 
Operation 
Pasture Clip 
Disk Stalks 
Plow 
Apply NH3 
1st Disking 
2nd Disking 
w/chem. 
Plant 
Grain Drill 
Mow-Cond. 
3 times/yr. 
Bale 
3 times/yr. 
1st Cultivation 
2nd Cultivation 
total 
Time 
hr/ac 
Corn Oats Mead. 
. 13 
. 33 
.17 
. 13 
.137 
.09 
.18 
.18 
. 31 
. 13 
.22 
. 99 
. 63 
1.347 .35 1.93 
Labor Costs $/ac 
Corn 
Oats 
Mead. 
1971 
3.06 
. 78 
4. 14 
Weighted Average: 
3.40 
1974 
4.03 
1.02 
5.45 
4.48 
1975 
4.43 
1.12 
6.00 
4.93 
Labor 
hr/ac 
Corn Oats Mead. 
.143 .143 
.363 
.187 
.143 
.151 
.229 
.198 
.198 
.265 
. 34 
1.148 
.693 
a 
Fuel 
gal/ac 
Corn Oats Mead. 
.566 .566 
2 . 164 
. 666 
.799 
. 799 
.683 
. 516 
.516 
.40 
.683 
2.048 
1.548 
1.612 .408 2.181 6.709 .966 4.279 
1971 
1.49 
. 21 
. 95 
Fuel 
.80 
Costs 
1974 
2 . 58 
.37 
1. 65 
1.59 
b $/ac 
1975 
2.74 
.40 
1. 74 
1.68 
8-rhe diesel tractor is assumed to do 67 percent of the work . 
bFuel costs are based on the same prices as those shown in Table A- 2B. 
~ 
0 
w 
Table A- 3. Summary of fuel, labor, repairs and fixed costs-- Type I production costs 
Con R1 Con R2 Min Rl Mi n R2 
1971 1974 1975 1971 1974 1975 1971 1974 1975 1971 1974 1975 
Variable Cos t s: 
Fuel a 1. 37 2 . 65 2 . 80 1.11 1. 65 2 . 04 1. 66 2 . 47 2 . 64 . 64 1.11 1.18 
Labor a 3. 64 4 . 79 5 . 27 3. 06 4 . 03 4 . 44 2 . 54 3 . 34 3 . 68 2 . 42 3 . 19 3 . 51 
Oil & Filter s b . 21 . 40 . 42 . 17 . 26 . 30 . 25 . 37 .40 . 09 . 16 .17 
Repairs c 4 . 65 6 . 67 8 . 21 3.02 4 . 30 5 . 29 2 . 22 3 . 17 3.90 2 .10 2 . 99 3 . 65 
Tot . Var. Costs 9.87 14.51 16.70 7.36 10 . 24 12.07 6 . 67 9. 35 10.62 5 . 25 7. 45 8 . 51 
Tot. Fix. c d Costs ' 33.45 50 . 27 60 . 44 17 . 71 26 . 68 32.04 21. 36 32 . 09 38 . 62 16 . 35 24 . 62 29 . 56 
Custom Costs : e 
Spr ead P&K . 33 . 49 . 54 . 33 . 49 . 54 .33 . 49 . 54 . 33 .49 . 54 
...... 
p 
Combine 6 . 00 8 . 80 6.00 8.80 9 . 65 
~ 
9. 65 
---- -- - -
Tot . P. C. I/ac . 43.65 65 . 27 77.68 31.40 46.21 54.30 28.36 41.93 49 . 78 27.93 41. 36 48 . 26 
~aken from Tables A-2A through A- 2E . 
bEstimated at 15% of fuel cost (21, p.20). 
c 
Taken f r om Tables A- lA through A- lE. 
d . Fi xed Costs f r om Tabl es A- lA through A-lE wer e divi ded by 320 t o get a per acr e cos t . 
eCus tom costs were obta ined from (40) and then adjus t ed us ing the Pr oduc tion I ndex (78) 
for the respective years . Note that combining ref lec ts t he weighted aver age of t he r otat i on 
invol ved, 
Table A-3 (Continued ) 
Con R3 
1971 1974 1975 
Variable Costs : 
Fuel . 78 1. 36 1.45 
Labor 3.40 4. 48 4 . 93 
Oil & Filters . 12 . 20 . 22 
Repairs 2 . 33 3.32 4 . 10 
Tot. Var. Costs 6.63 9. 36 10.70 
Tot. Fix. Costs 14 . 43 21 .35 26.12 
Custom Costs : 0 
Spread P&K . 33 .49 . 54 "", 
Combine 5.82 8 . 55 9 . 37 
Tot. P . C. I / ac. 27. 21 40.15 46 . 73 
Tab le A- 4A. Type I production costs adj ust-nls due lO land class and far. pra c tlce--Con Rid 
1971 1974 1975 
A ii c D £ II c D " A 8 c D E Variable Costs: 
Fuel 
Ii. T. 1 37 1. 57 1. 75 2.07 2 . 32 2 .65 3.05 3.38 4 .01 4.48 2. 80 3.22 3. 57 4. 24 4 . 73 
Cont . 1. 37 1. 51 2 . 65 2.92 2 . 80 3 .08 
rer. 1. 51 1. 62 1. 84 2.00 2.92 3.14 3.56 3.88 3.08 3 . 31 3 . 76 4.09 
Ter . Red. l.46 1.47 1.49 1.52 2 .83 2.85 2.88 2 .94 2 . 98 3. 01 3.04 3 . 10 
Labor 
N.T. 3. 64 3. 7l 3. 79 3 .86 !..00 4. 79 4 .89 4 .98 5. 08 5.1; 5.27 5 . )8 5.48 5.59 5.69 
Cont . 3. 64 3.82 4. 79 5.03 5.27 5.53 
Ter. 3. 64 3. 64 3.64 3. (>.'.. l. .19 4 .79 4. 79 4. ;,, 5. 27 5.27 5. 27 5.27 
Ter. Red . 3. 52 3. 31 2.94 2. 76 4. 64 4.35 3 .87 3. 63 5 .10 4.79 4. 26 4 .00 
Oil & Fi leers ~· . 2 ... . 27 . 32 . 35 . ~o .46 . 51 .61 .66 4 '> .48 . 54 .64 . 71 lLT . • L • 
Cont. .21 .2 3 40 .44 . ... 2 . 1.6 
Ter. . 23 .25 .~8 31 .44 . 47 52 .58 . 46 .50 . 56 . 61 ...... 
Ter . Red . . 22 . 23 23 . 2:. .43 .t. 3 .42 4 - .!i5 .45 .45 • ... b 0 
"' Repai rs - .&5 ... . 65 4.65 ... . 65 ... . &5 6. 67 6. 67 6 .67 6.67 ~ .bi 8 .21 8.21 8.21 8.21 8.21 
T. V. C. I ac 
~ ! . Q. 87 10.17 10.46 10.90 l1 32 14. 51 15. 07 15.54 16 .37 17 .JV 16 . 0 17.29 17 .80 18 . 68 19. 34 
Cont . <). 87 10. 21 \4. 51 15 .06 16.70 17.28 
Ter. 10. 03 10. 16 10 41 10. 60 14 .82 15. 07 15 .54 15.3: 17.02 17.29 17 .80 18. lS 
Te r . Red . 9.85 9.66 9. 31 q. 17 11. 74 14. 30 13 .84 13.68 16. 74 16 .46 15. 96 15 . 77 
T. F . C. l ac 33.45 33 .45 33 . 45 33 .1.5 33 . ... 5 50.27 50.27 50.27 50.27 50. 2- ~ ·=. _:. 60.44 60.44 60.44 60 . .;4 
Custom Costs : 
Spread P&K . 33 .33 .33 .33 .33 .1.9 .49 .49 .49 .~9 . 54 . 54 . 54 .54 . 5:. -- - ------- ----
T . C. / ac 
N. T . 43.65 43.95 44.24 44.68 45. 10 65 . 27 65 .83 66.30 67. 13 67 . 7~ 77.68 78.27 78. 78 79.66 80. 32 
Cont. 43.65 43 .99 65 . 27 65.82 i7 .68 78 . 27 
Te r . 43 . 81 43.95 44. 19 44. 38 65.58 65.83 66.30 66.68 7S.00 78.27 78. 78 79. 16 
Te r . Red ~3 . 63 43.t.4 43 .09 .. 2 . 95 62.50 65. 06 64.60 64 . - - 77.72 77 .44 76. 94 10.n 
---- -
8
'lata taken from Table A-3 and adjusred us inR the appr o priate factors a s sho\JTI it: Tables :. , s &nd 6. 
Tablo= A-48 . Type I production COtlts ad just.ents due to land class and fa na practi ce--Con R.. 
1971 1974 1975 
A 8 c D E A 8 c D E A 8 c D E 
Variable Costs : 
l'u.e l 
It . T . l. 11 l. 29 1.47 l. 68 l. 88 l. 65 l.92 2.18 2.49 2.80 2.04 2.37 2.70 3.03 3.46 
Cont . l. 11 1. 23 l. 65 l.83 2.04 2.26 
Te r . l. 23 l. 35 l.49 l. 63 l.83 2.01 2. 22 2 .42 2.26 2 .48 2. 74 2.99 
Ter. Red. l. 19 l. 23 l. 20 l. 23 l. 77 l.83 l.80 l. 83 2. 19 2.25 2. 22 2. 27 
Labor 
N. T. 3.06 3.12 ) . 18 3.24 3.30 4.03 4 .11 4 .19 4. 27 4 . 35 4.44 4.53 ". 62 4.71 4.80 
Cont . 3.06 3.21 4.03 I.. 23 4.44 4. 66 
Te r . 3. 06 3.06 3.06 3.06 :. .03 4.03 4.03 l. .03 4.44 4.44 4.44 ".44 
Ter. Red. 2.96 2. 78 2 47 2. 32 3.90 3.66 ).26 3.06 4.30 t..04 3.59 3.37 
OH & ru ters 
N.T .17 .20 .22 .26 .29 .26 . 30 ,µ . 39 . 44 .30 .35 .40 .45 . 51 ,...... 
Cone . . 17 .20 . 26 .29 . 30 . 33 0 
7er . .19 .::!l .23 .25 . 29 .32 . 35 .38 .33 .36 .40 .44 
-..J 
Ter. Red . .. 18 .19 .19 . 19 .28 . 29 . '.!8 .29 .32 . 33 .32 .33 
Repai r s 3.02 3.02 3.02 3.02 3.02 l.. 30 4.30 4.30 4 . 30 4.30 5.29 5.29 5.29 5.29 5.29 
T \' C./ac 
II. T. 7.36 7. 63 7.89 8.20 8.1.9 10.24 10 . 63 l l.01 11. 45 11.89 12.07 12.5t. 13 .01 13. 54 14 .06 
Cont. 7.36 7.65 lv . 24 10 . 65 12.07 12.54 
Te r . 7.50 .., .&.:. 7 . 80 7. 96 10.45 10.66 10.90 11.13 12.32 12.57 12.87 13.16 
Ter. Red. 7.35 7. 22 6.88 o.76 10.25 10.88 9 . &:. 9.48 12.10 11. 91 11.42 ll. 26 
T. F. C . .l ac 17. 71 17. 71 17. 71 17.71 17. 71 2&.68 26.68 2'-.68 26.68 26.68 32.04 32.04 32 . 04 32 . 04 32.04 
Custom Costs: 
Spread P&K .33 .3) .33 .)3 .)3 .49 .49 .49 .49 .49 . 54 .54 .54 . 54 .54 
Combine Wt . Ave. 6 . 00 6.00 6.00 6.00 6.00 8.80 8.80 8.80 8.80 8.80 9.65 9.65 9.65 9.65 9.65 
T .C. / ac 
N.T. 31.40 31. 67 31. 93 32. 24 32.53 46. 21 46.60 46 . 98 .. J.42 47 .86 51. .30 54. 77 55.24 55. 76 56 .29 
Con t . 31.40 31 .69 46.21 46 . 62 54.30 54.77 
Te r . 31. 54 31. 68 31.84 32 . 00 46.42 46.63 :.6.87 47 .10 54.55 54.80 55.10 55.39 
Ter. Red. 31. 39 31 .26 30.92 30.80 46 . 22 46.05 :.5. 61 45 .45 54 .33 54 .14 53.65 53.49 
Table A-4C. Type I production costs adjustments due co land c lass and far. practice-Min R1 
1971 1974 1975 
A 8 c D A 8 c D A 8 c D 
V•ri•ble Cos t.a : 
Fuel 
1'1 .T. l. 66 l.85 2 . 09 2 . 35 2.64 2 . 47 2. 76 J.10 3. 50 3.93 2.64 2.95 3.32 3 .74 4 . 20 
Cont . l. 66 l. 79 2 .47 2.66 2. 64 2. 85 
Ter. 1. 79 1.95 2. 12 2.32 2.66 2.90 3. l6 3.45 2.7 6 2.81 2. 73 2.80 
Ter . Red. l. 73 l. 77 1. 71 1. 76 2.57 2. 64 2.56 2 . 62 2.76 2.81 2. 73 2 .80 
Labor 
N.T. 2.54 2 . 59 2.64 2.69 2 .74 ).)4 3.41 ).47 3.54 3.61 3.68 3. 75 3 . 83 3 .90 3.97 
Con t . 2.54 2.67 J. )4 3.51 3.68 3 .86 
Ter. 2.54 2.54 2. 54 2. )L. 3.34 J.34 3. 34 ) . )4 3.68 ).68 J.68 3.68 
Ter . Red . 2 .46 2.31 2.05 l. 9) 3.2) 3 . 04 2.70 2.53 3 .56 3.35 2.98 2 .79 
Oil & Filters 
N.T . .25 28 . 31 . 35 .40 . 37 .41 . 47 .52 .59 .40 .45 .50 .57 . 64 ...... 
0 Cont . .25 .27 . 37 .40 . 40 .43 CX> 
Ter. .27 .29 .32 . 35 .40 .43 .47 . 52 . 42 .43 . .. 1 .42 
Te r . '\ed . .26 .26 .26 . 27 .39 . )9 . 38 .)9 .~ 2 .43 .41 .42 
Repairs 2.22 2 .22 2.22 2.22 2.22 3. l 7 3 .17 3. 17 3 . 17 3. 17 3.90 3 .90 ).90 3.90 3.90 
T. V C. ' ac 
:; T. 5.67 6.94 7.26 7.61 8.00 9 . 35 9 .75 10 . 2l 10. 73 11.30 L0.62 ll.05 11 . 55 12. ll 12 . 71 
Cont. 6.67 6.95 9.35 9.74 10 .62 l l.04 
Te r . 6.82 7.00 7. 20 7 .43 9.57 9.84 10. 14 10.48 10.86 11. 14 11.46 11.83 
Ter . Red. 6.67 6.56 6. 24 6.18 9.)6 9. 24 8.81 8.7 1 10 .64 tr: .49 10.02 9 .9 1 
T .f' .C. / ac 21. 36 21.36 21. 36 21. 36 21.36 32.09 32.09 32.09 32.09 32 .09 38. 62 38.62 38.62 38.62 38 .62 
Cus t om Cos ts : 
Spread P&K .33 .33 .33 .33 .33 .49 .49 .49 .49 .49 . 54 .54 .54 .54 .54 
T.C . / ac 
N.T . 28. 36 28.63 28.95 29.30 29.69 4 t. 93 42.33 42. 79 43.31 43.88 49. 78 50.21 50. 7l 51. 27 Sl.87 
Con t . 28.36 28.64 41. 9J 42.32 49. 78 50.20 
Ter. 28.51 28 . 69 28 .89 29. 12 42.15 42.42 42. 72 43.06 50.02 50 30 50 . 62 50.99 
Ter. Red . 28.)6 28.23 27.93 27 .87 41.94 4 l.82 41. 39 41. 29 49.80 49 . 65 49. 18 49.07 
Table A-40. Type t production costs adjustments due to land class and farm practice--Min R2 
1971 1974 1975 
A B c 0 E A B c 0 A B c D E. 
Variable Cost• : 
Fuel 
1' .T. .64 . 71 .80 .91 1.02 1.11 1.24 1.44 1.62 1.86 1. 18 1. 32 l. 53 l. 73 1. 97 
Cont. .64 .69 l.11 1. 20 1.18 l. 27 
Ter. .69 .75 .82 .89 1.20 1. 33 l.45 1.61 l. 27 1.41 1.54 l. 7l 
Ter. Red. .67 .68 .66 . 68 l.16 1. 21 l.18 1. 22 1. 23 l. 28 l.25 l.30 
Labor 
N.T. 2.42 2.47 2.52 2.57 2.61 3.19 3.25 3.32 3.38 3.45 3.51 3. 58 3.65 3.72 3.79 
Cont. 2.42 2. 54 3.19 3.35 3.51 3.69 
Ter. 2.42 2.42 2.42 2.42 3.19 3.19 3.19 3.19 3.51 3. 51 3.51 3.51 
Ter. Red. 2.34 2.20 l. 96 l.84 3. 09 2.90 2. 58 2.42 3.40 3.19 2.84 2. . 66 
Oil & Filters 
N.T. . 10 . 11 .13 .14 .16 .17 . 19 . 22 .22 .25 . 18 . 20 .23 .26 .30 ....... 
Cont, . 10 .11 .17 .18 . 18 .19 0 ID 
Ter . .11 .12 .13 . 14 . 18 .20 .22 .25 . 19 .22 .24 .26 
Ter. Red. .10 .11 .10 .10 .18 .19 .18 .19 . 19 .20 .19 .20 
Repairs 2.10 2. 10 2. 10 2.10 2.10 2.99 2.99 2.99 2.99 2.99 3.65 3. 65 3.65 3.65 3.65 
T.V.C./ac 
N.T . 5.26 5.39 5.55 S.72 S.89 7.45 7.67 7.97 8. 24 8.53 8.51 8.75 9.08 9.36 9. 71 
Cont. 5 .26 5.44 7.45 7 . 72 8 .51 8.80 
Ter. 5.32 5.39 5.47 5.55 7.56 7. 71 7.86 8.04 8.62 8.79 8.94 9.13 
Ter.Red. 5.27 5.09 4.82 4. 72 7 .42 7. 29 6.93 6.82 8.47 8.32 7.93 7.81 
T .F.C./ac 16.35 16 .35 16 . 35 16.35 16.35 24.62 24 .62 24.62 24 .62 24.62 29.56 29.56 29.56 29.56 29.56 
Custom Costa 
Spread P&K .33 .33 .33 .33 .33 .49 .49 .49 .49 .49 .54 .54 .54 .54 .54 
Combine Wt. Ave. 6.00 6.00 6.00 6.00 6 .00 8.80 8.80 8.80 8.80 8.80 9.65 9.65 9.65 9.65 9.65 
T. C./ac 
N.T. 27.94 28.07 w. 23 28 .40 28. 57 41. 37 41.58 41.88 42.15 42 .44 48.27 48.50 48.83 49.00 49.46 
Cont. 27.94 28.12 41. 37 41.63 48 . 27 48.55 
Ter. 28.00 28.07 28 .15 28.23 41.47 41. 62 41. 77 41.95 48.36 48.54 48.69 48.88 
Ter. Red. 27 .89. 27. 77 27.50 27. 40 41.33 41.20 40.84 40. 73 48.22 48.07 47.68 47.56 
Table A-4Z. Type I production costs adjustments due to land class and !arm practlce--Con R) 
1971 1974 1975 
A B c D A B c D E A B c D E 
Variable Coat• : 
Fue l 
N.T. .80 .90 .. 98 l.09 1. 18 1. 59 1. 79 1. 95 2.17 2. J4 1. 68 l. 89 2.06 2.29 2 .47 
Coo t . .80 . 87 1. 59 1. 72 l. b8 1.82 
Ter. .87 .92 1.00 1.05 1. 72 l.83 l. 98 2.09 1.82 l. 94 2.09 2. 21 
Ter. Re. . 84 .84 .80 .80 l. 67 1,67 l. 60 l. 59 l. 76 l. 76 1. 69 l. 68 
Labor 
N.T. 3.40 3.47 3. 54 3.60 3.67 4.48 4. 57 4.68 4.75 4.84 !. . 93 5.03 5.13 5.23 5.32 
Coot. 3.40 3.57 4.t.8 !. • 70 4.93 5.17 
Ter. 3.40 3.40 3.40 3.40 4.48 4.48 4.48 4.48 4.93 4 . 93 4.93 4.93 
Ter.Red. 3.29 3.09 2. 7 5 2.58 4.34 4.07 3.62 3.40 4 . 77 4.48 3.99 3. 7i. 
Oil & Filters ...... 
N.T. . 12 !4 . 15 .16 . 18 .24 . 27 .29 .33 .35 .25 .28 .31 . 34 .37 ...... 
Coot. .12 . 13 . 2l. .26 .25 .27 
0 
Ter . .13 .14 .15 .16 . 26 .26 .28 .30 .32 .27 .29 . 31 .33 
Ter . iled. . 13 .13 .12 . 12 .25 .25 .24 . 24 .26 .26 .25 .25 
Repai r s 2.33 2.33 2.33 2 . 33 2.33 3.32 3. 32 3.32 3.32 ).32 ". 10 4. 10 4 .10 4 .10 4 .10 
T. V .C. / ac 
N.T. 6.65 6.84 7.00 7.18 7.36 9.63 9.95 10. '.!2 10.59 10.85 10.96 11.30 11.60 11.96 12. 26 
Cont . 6.65 6.90 9.63 10.02 10.96 11.36 
Te r . 6. 73 6.79 6.88 6.94 9. 78 9.91 10.08 10.21 11.12 11.26 11.43 11.57 
Te r .Red . 6.59 6.39 6.00 5.83 9.50 9.31 8. 78 8.55 10.89 10 . 60 10.03 9. 77 
T.F.C. / ac 14 .43 14 .43 14 .43 14.43 14 .43 21. 75 21. 75 21. 75 21.75 21. 75 26 .12 26.12 26.12 26.12 26.12 
Custom Costs: 
Spread P&K . 33 .33 .33 .33 .33 .49 . 49 .49 . 49 .49 .54 .54 .54 . 54 .54 
Wt. Ave. Combine 5 .82 5.82 5.82 5.82 5.82 8.55 8.55 8 . 55 8.55 8.55 9.37 9.37 9.37 9.37 9.37 
T. C. / ac 
N.T. 27.23 27 .42 27.58 27.76 27.94 40.42 40. 74 41.01 41. 36 41.64 46.99 47.33 47 .63 47.99 48.29 
Cont. 27.33 27.48 40.42 40 . 79 46.99 47.39 
Ter . 27.31 27.37 27 .46 27.52 40.57 40. 70 40.87 41.00 t.7.15 47.29 47.46 47.60 
Te r . Red. 27 .17 26 . 97 26.58 26.41 40.37 40 .10 39.57 39. 34 46.92 46 . b3 46.06 45.80 
Table A-5 . Fertilizer levels and costs 
lb/ac a Cost c;:/lbb 
N p K N p K 
Rotation 1 
Corn After Corn 150 60 20 1971 8 12 6 
Corn After Soy. 130 60 20 1974 14 22 11 
Soybeans 0 50 0 1974 18 26 14 
Ro tation 2 
Corn After Soy. 130 60 20 
Corn After Mead. 30 60 20 
Soybeans 0 50 0 
Oats 60 60 20 
Meadow 0 40 20 
Rotation 3 
Corn After Mead. 30 60 20 
Oats 60 60 20 
Meadow 0 40 20 
8Fertilizer levels are based on suggestions from (80). 
b 
taken from (45, Cost for 1974 was p . 199) and adjusted using the price index for fertilizers 
as found in (78) . 
Table A- 6. He rbicide requirements and costs 
Conventional Til l age: 
Corn: Lasso 
Atrazine 
( tank mix) 
Soybean: Lasso 4E 
Sencor 
( tank mix) 
~inimum Tillage: 
Corn: 
Soybean: 
Oats 
Meadow 
Lasso 4E 
Atrazine 
Paraquat 
(tank mix) 
Lasso 4E 
Sencor 
Paraquat 
(tank rr.ix) 
2-4D 
2-40 
Arnt/ac b 
2 qt. 
1.5 lb. 
2 qt. 
3/4 lb. 
2 qt. 
2 lb . 
1 qt. 
2 qt. 
3/4 lb. 
1 qt. 
1 pt. 
2 pt. 
a 
Costs were taken from (49). 
Cost/acre a 
1971 1974 1975 
7.47 9 . 85 11. 95 
7.81 9.90 12.50 
13.50 17.20 21. 60 
14. 38 18.90 23.00 
.68 .82 1.10 
1. 36 1. 64 2.20 
bHerbicide r ates were determined from (46), (49) and private conununication with 
Dr. V. Jennings, Depar tment of Biology, Iowa State University, November, 1976. 
Table A- 7. 
a 
Insecticide requirements and costs 
Insecticide Rate/ac. 1971 
Rotation 1 
Cor n 1st year Aldrin 1 qt. 1. 31 
Corn 2nd year Thimet 156 6~ lb. 2.03 
Soybean Sevin 1.1,; lb. .91 
Rotation 1 Aver. 1.42 
Rotation 2 
Corn 1st year Aldrin 1 qt 1. 31 
Soybean Sevin ~ lb . 91 
Meadow Malathion l~ pt. 1. 69 
Rotation Aver. 1.15 
Ro tation 3 
Corn 1st year Ald rin 1 qt. 1. 31 
Meadow Malathion l~ pt. 1. 69 
Rotation Aver. 1. 35 
a l · 'd nsect1c1 es, rates and costs for 1974 and 1975 
for 1971 were estimated using 1975 as a base year and 
Agricultural Chemicals as found in (78). 
Costs/ac . 
1974 1975 
1. 98 2 . 10 
2 . 50 3 . 25 
1. 20 1.45 
1.89 2 . 27 
1. 98 2 . 10 
1. 20 1.45 
2 . 62 2 . 70 I-' 
1. 73 1.84 I-' w 
1. 98 2.10 
2 . 62 2.70 
2.08 2.15 '-
were developed from (49) and 71). Costs 
adjusted using the price index for 
Table A- 8. Hauling, drying and storage cos ts and associated labora 
Land Classes 
Al A2 B c D 
Crop H.D.S. Lab. T . C. H.D.S. Lab. T.C . H.D.S. Lab. T. C. H.D.S . Lab . T.C. 
1971 Corn 
11. 94 1. 33 13.27 11.11 1. 36 12.47 9.75 1. 38 11.13 7 . 89 1.44 9.33 
Soy . 1. 65 .38 2.03 1. 54 .39 1. 93 1.42 .40 1. 82 1. 09 .40 1.49 
Oats 2 . 36 . 38 2 . 74 2·.18 . 39 2 . 57 2.00 .40 2.40 l. 54 .40 1. 94 
Hay 3.71 6.18 9.89 3.37 6.30 9 .67 3.20 6 . 43 9.63 2 .44 6 . 55 8 . 99 
1974 Corn 17.54 l. 75 19.29 16 . 32 1. 79 18.11 14. 33 1.82 16 .15 11.59 l. 86 13.43 
Soy. 2.42 .50 2.92 2.26 .51 2. 77 2.09 .52 2.61 l. 60 . 53 2 . 13 
Oats 3.47 .50 3.97 3. 20 .51 3.71 2 . 94 .52 3.46 2.26 .53 2.79 
Hay 5.45 8.13 13. 58 4.95 8.29 13 . 24 4. 70 8.46 13.16 3.59 8 . 62 12 . 21 ,...... 
.c-
1975 Corn 19 . 23 l. 93 21.16 17 . 89 l. 97 19 . 86 15 . 71 2.01 17. 7 2 12. 71 2.05 14 . 76 
Soy. 2 . 65 .55 3.20 2.48 . 56 3 . 04 2.29 . 57 2.86 1. 75 .58 2. 33 
Oats 3. 70 . 55 4.35 3.51 .56 4.07 3 .22 .57 3. 79 2.48 .58 3.06 
Hay 5.98 8 . 94 14.92 5.43 9.12 14.55 5 . 15 9 .30 14.45 3.94 9.48 13.42 
aHauling, drying and storage costs were obtained from (3 9) . Wage rates were assumed to 
be $1.90, $2 . 50 and $2 .75 per hour fo r 1971, 1974 and 1975 respectively . 
Table A- 8 (Continued ) 
Land Class 
E 
H.D.S. Lab. T . C. 
1971 Cor n 7.16 1.46 8 .62 
Soy. . 97 .41 1. 38 
Oats 1. 25 .41 1. 66 
Hay 2 . 19 6.67 8.86 
1974 Corn 10.52 1.89 12.41 
Soy. 1.43 .54 1. 97 
Oats 1. 84 . 54 2.38 
,..... 
I'-' 
Hay 3.22 8. 78 12.00 Vl 
1975 Corn 11 . 53 2.08 13.61 
Soy . 1. 57 .59 2.16 
Oats 2.02 .59 2.61 
Hay 3.53 9.66 13.19 
T~bl e A-9. Total Type 11 production costs 
~-~·· Stor. & Labor a Total Costs 
Year Rotation Ave. fert, b Seedc lnsec. d !ie.rb.e A B c D E A 8 c !) c 
1971 Con Rl 15.01 4.77 l.42 7.58 9.52 8.96 8 . 03 6.71 6. 21 38.36 37. 80 36.87 35.55 35.05 
Con Rl Ter. 36 .58 33.52 28 .75 26.59 
Min Rl 15.07 4. 77 l.42 13. 79 9.52 8.96 8.03 6. 71 6.21 44.57 44 .01 43.08 41. 76 41. 26 
Min Rl Ter. 42.59 39 . 16 33. 77 31. 30 
Con R2 10. 13 5.52 t. 15 4.36 8 . .52 8.13 7.62 6.68 6.33 29.68 29.29 28. 78 27 .84 27 .49 
Con R2 Ter. 28 . 34 26.16 22.51 20.85 
Min R2 10.13 5.52 l.15 7.46 8.52 8.13 7. 62 6.68 6.33 32. 78 32.39 31.88 30.94 30.59 
Min R2 Ter. 31.34 28.98 25.02 23.21 
Con R3 8.00 6.28 l. 35 2.27 9.26 8.95 8.68 7.87 7. 62 27.16 26.85 26.58 25. 77 25.52 
Con R3 Ter. 25.98 24.16 20.84 19.36 
1974 Con Rl 27 .00 7.:. i l. 89 9.87 13.83 13 .00 11 .64 9.68 8.93 60.06 59.23 57.87 55.91 55. 16 
Con Rl Ter. 57.32 52.61 45.21 41.84 
Min Rl 27.00 7.47 l.89 17. 77 13.83 13.00 ll.64 9.68 8 .93 67. 96 67 .13 65. 77 63.81 63.06 
Hin Rl Ter. 64.96 59. 79 51.60 47 .84 
,...... 
,...... Con R2 18.33 11.43 l.73 5.62 12 . 11 11.53 10. 78 9.37 8.86 49.22 48.64 47.89 46.48 45.97 "' Con R2 Ter. 47 .07 43.54 37. 59 34 .87 
Hin R2 18.33 t l.4 3 l. 73 9.57 12. ll 11. 53 10.78 9.37 8.86 53. 17 52.59 51.84 50.43 49.92 
Min R2 Ter. 50.89 47.13 40.78 37. 87 
Con R3 14. 57 15. 04 2.08 2.87 12. 93 12.46 12.04 10.84 10.47 47 .49 47.02 46.60 45.40 45.03 
Con R3 Ter. 45.50 42.36 36.71 34 .16 
1975 Con Rl 33.40 10.03 2.27 12.13 15 .17 ti.. 25 12. 77 10.62 9. 79 73.00 72.08 70.60 68.45 b7.62 
Con Rl Te r . 69.75 64. 18 55.36 51. 30 
Min Rl 33.i.O 10.03 2.27 22.07 15. 17 14. 25 12. 77 10.62 9.79 82.94 82.02 80.54 78.39 77. 56 
Hin RI Te r. 79.37 73. 22 63.39 58.84 
Con R2 22.37 11 . 26 1.84 6. 98 13 .29 12.66 11.83 10.29 9 . 73 55. 74 55.11 54. 28 52. 74 52 . 18 
Con R2 Ter. 53. 33 49.35 42 . 65 39.59 
Min R2 22.37 11.26 1.84 ll. 95 13. 29 12 . 66 11 . 83 10. 29 9. 73 60. 71 60.08 59.25 57. 71 57 . 15 
~in R2 Ter. 58. 14 53.86 46.67 43.35 
Con R3 17. 63 12. 48 2. 15 3.64 14 . 19 13.69 13.22 11. 92 11 .50 50.09 49.59 49.12 47 .82 47.40 
Con R3 Ter. 47.99 44.65 38 . 67 35.96 
8nerived from Table A- 8 and r epr esents the rotat ion average. 
bfertilizer cost is derived from Table A- 5 and represents the rotation average of the cropping system. 
cSeed Costs were taken from (78) and represent the rotation average. The follovin~ application levels were obtained from local dealers: 
corn. 4 ac./bu.; soybeans, 1 ac . /bu.; oats, . 4 ac . / bu.: and alfalfa !lay, 12 lbs. / ac. 
dDerived from Table A- 7 and r ep resents the rotation average. 
eDerived from Table A- 6 and represents the rotation average. 
Table A-10 . Terrace costs and maintenance 
Terrace 
a a b c c ,d Ma' a % of Length Ftge. a Const. An. Cap. An. int . 
Interval Bk. SlE · ft/ac. Cost / ft '. c Cost/ac. Chrg. /ac. Chrg. /ac. T.C. Ter. Red: 
1971 B 217 ft. 7 ft . 201 21¢ $42 .15 $ 3. 37 $ 2.06 $5.43 3.23 
c 132 12 330 25¢ 82 . 50 6.60 3.59 10.19 9 . 09 
D 115 22 379 25¢ 94 . 70 7.58 3.59 11.17 19.13 
E 116 28 376 31¢ 116. 41 9.38 5.28 14 . 59 24 .14 
1974 B 217 7 201 32¢ 64 . 23 5.78 3 . 08 8.86 3 . 23 
c 132 12 330 37¢ 122 . 10 10.99 S.37 16 . 36 9 . 09 
D 115 22 379 37¢ 140 . 15 12.61 5.37 17.98 19.13 
E 116 28 376 46¢ 172.73 15.55 7.91 23 . 46 24.14 
1975 B 217 7 201 36¢ 72 . 26 6.14 3.50 9 . 64 3.23 
c 132 12 330 42¢ 138.60 11. 78 6.11 17 . 89 9.09 
D 115 22 379 42¢ 159 . 09 13.52 6 . 11 19 . 63 19 .13 
E 116 28 376 52¢ 195.27 16.60 9 . 00 25.60 24 . 14 
~ata obtained from M. Danielson and D. Bondurant, SCS Engineers, Des Moines, Iowa, Sept. 1976. 
b 
Based on 43,560 sq. ft. / acre. 
cCosts were obtained for 1975 and then adjusted using the price index for building and fencing 
as found in (78). 
dAnnual Capital Charge is based on the same interest rate as used on the machinery. 
e 
Based on the length of the backslope . 
,.... 
I-' 
-.i 
Table A- 10 (Continued) 
Gr oss Rev . f Gr oss Rev . f Gr oss Rev. f 
from Rl w/ from R2 w/ from R3 w/ 
Ter. Red. Ter . Red . Ter . Red . 
1971 B 121. 88 94 . 34 80 . 99 
c 104 . 38 81 . 17 70 . 16 
D 84 . 64 65 . 97 57 . 13 
E 63 . 86 49 . 59 42 . 81 
1974 B 282.63 207.58 168 . 12 
c 242 .11 178 . 56 145 . 58 
D 196 . 28 145 . 04 118. 50 
E 148.13 109 . 10 88 . 85 
..... 
1975 B 252.78 207.79 194 . 03 I-' CX> c 216 . 63 178.95 168.12 
D 175 . 57 145 . 43 136148 
E 132 . 57 109 . 31 102 . 56 
f 
Found by applying the terrace reduction percentage to the gross revenues as found in 
Table A- 12 . 
Table A-11. Costs of permanent pasture 
Year & 
Land Price/ Tot. Grow. Costs a Harv. Costs a Seed& Farm 
Class Yield ton Rev. Var. Fix. Var. Fix. Chem. Ovhd. Lab. Tot . Cost. 
1971 A 4.1 20.70 84.87 . 65 .59 11. 36 13.01 15.29 2. 72 15.26 58.88 
B 4.0 20.70 82.80 . 68 . 59 11. 70 13.01 15.29 2. 72 15.57 59 .56 
c 3.7 20 .70 76.59 .69 .59 12. 04 13.01 15.29 2. 72 15.87 60.21 
D 3.4 20. 70 70.38 . 71 .59 12. 38 13.01 15.29 2. 72 16.18 60.88 
E 2.7 20.70 55.89 . 72 .59 12.72 13.01 15.29 2. 72 16.48 61.53 
F 2.0 20. 70 41.40 . 74 .59 13.06 13.01 15.29 2. 72 16.79 62.20 
G 1. 5 20 . 70 31.05 .76 . 59 13.40 13.01 15.29 2. 72 17.09 62.86 
1974b A 4.1 40.54 166.21 . 95 .86 16.69 19.11 22.80 4.00 20.08 84.49 
B 4.0 40.54 162.16 .98 . 86 17.19 19.11 22.80 4.00 20.48 85.42 ....... 
c 3.7 40.54 150.00 1.01 .86 17.69 19.11 22.80 4.00 20.88 86.25 ....... '° D 3.4 40.54 137.84 1.04 .86 18.19 19.11 22 .80 4.00 21.28 87.28 
E 2.7 40.54 109 .46 1.06 .86 18.69 19.11 22.80 4.00 21.69 88.21 
F 2.0 40.54 81.08 1. 09 .86 19.19 19.11 22.80 4.00 22.09 89 .14 
G 1. 5 40.54 60.81 1.12 .86 19.69 19.11 22 .80 4.00 22.49 90.07 
1975 b A 4.1 51.22 210.00 1.04 .94 18.30 20.95 27.65 4 .39 22.08 95.35 
B 4.0 51. 22 204.88 1.07 .94 18.85 20.95 27.65 4.39 22.52 96.37 
c 3.7 51.22 189.51 1.11 . 94 19.40 20.95 27.65 4 .39 22.97 97 .41 
D 3.4 51.22 174.15 1.14 . 94 19.40 20.95 27.65 4.39 23.41 97.88 
E 2.7 51. 22 138.29 1.16 .94 20.49 20.95 27.65 4.39 23.85 99.43 
F 2.0 51.22 102. 44 1.20 .94 21. 04 20.95 27.65 4.39 24.29 100.46 
G 1.5 51.22 76.83 1.23 .94 21.59 20.95 27 .65 4.39 24.73 101.48 
a 
Growing and Harvesting costs were assumed to increase 3 percent per land class . This is 
based on average increases of total variable costs on land classes under R3. 
bl974 was the base year used in order to adjust costs using the Production Index found in 
(78). Costs for the base year were obtained from (39, p. 5). Seed and chemical costs and labor 
costs were derived using the Agricultural Chemical Index (78) and the assumed hourly wage rate. 
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Table A-12. Yield and gross revenue data 
Corn Yield (bu)a 
Soy. Yield(bu)a 
Oats Yield(bu)a 
Hay Yield(ton)a 
CSR 
CSR Ratio 
b Gr oss Rev.: 
Rl 75 
R2 75 
R3 75 
Land Valuec 
ROI 75@6% d 
Guoss Rev. : 
Rl 74 
R2 74 
R3 74 
Land Value 
ROI 74@8.5% 
Gross Rev.: 
Rl 71 
R2 71 
R3 71 
Land Value 
ROI 71@5 . 9% 
A 
109 
41 
M-2 
4.1 
90 
.947 
264.77 
218.47 
205 . 09 
932. 72 
55 . 42 
295.88 
218.02 
177. 62 
7 31. 39 
62.17 
127 . 56 
99 . 10 
85.59 
465. 1 7 
27.45 
Land Classes 
B 
107 
41 
61 
4.0 
85 
. 895 
261. 22 
214 . 72 
200 . 51 
872. 33 
52 . 34 
292.06 
214.51 
173.73 
690. 71 
58. 71 
125.95 
97 . 49 
83.69 
439.JO 
25. 92 
c 
98 
37 
56 
3. 7 
68 
. 716 
238 . 29 
196. 84 
184.93 
697 . 91 
41. 87 
266 . 32 
196.41 
160.13 
552 . 60 
46 . 97 
114 . 82 
89 . 29 
77 .17 
351. 46 
20. 74 
D 
89 
34 
51 
3 . 4 
58 
.611 
217 .70 
179.83 
168 . 76 
595.24 
35 . 71 
242 . 71 
179.35 
146.53 
4 71. 31 
40.06 
104 . 66 
81. 57 
70 . 65 
299. 76 
17.69 
E 
72 
27 
41 
2 .7 
47 
.495 
174.75 
144.10 
135.20 
482 . 33 
28 .94 
195 . 27 
14 3 . 82 
117 .12 
381. 91 
32.46 
84 . 18 
65 . 37 
56.43 
242 .90 
14 . 33 
aData taken from (75). 
b Gross revenues are based on prices as listed in (45, p. 193) 
for 1971 and 1974, and from (78) for 1975. Prices are as follows: 
1971, cor n-- $1 .21/bu., soybean--$2.90/bu ., oats--$0.68/bu., hay , 
$20.70/ton; 1974, corn-- $2.87/bu ., soybean--$6.39/bu., oats--
$1.42/bu ., hay--$40.50/ton; 1975, corn--$2.66/bu., soybean- - $5.23/ 
bu., oats--$1 .49/bu., hay--51 .72/ton. 
c 
Land values were derived as described in (67, p. 152). Base 
land values were taken from (45, p. 205) and (24) . For Land Classes 
F and G, CSR and CSR Ratios were the same as shown in (67 , p . 152) . 
d Return on investment for land was based on interest rates taken 
from (23) and increased 1.5 percent for taxes. 
Table A- 13. Pt! r ac re net income and oppor tunity calculations 
a 
cost 
Land Cla88 c l c2 c3 c4 
and Net Opp . ~t Opp. Net Opp . Ne t Opp . 
Farm Practice Inco91! Cost Income Cost IncCMt! Cost 1ncome Cos t 
Land Al & Al: 
Con i.l 58. 76 17. 96 108 . 38 15.44 18.10 9.08 130.07- 26.48 
Coo 1.2 53.01 23.62 60.~2 63.40 10.57 16 .61 107. n - 4.14 
Con U 52.59 24.04 27. 54 96 . 28 3.75 23.43 105.04- 1.45 
Con Rl C 58 . 67 17.96 108. 38 15.44 18 . 10 9.08 130.07- 26.48 
Con R2 C 53. 01 23. 62 60.42 63. 40 10. 57 16 .61 107. 73- 4.14 
Con R3 C 52.59 24.04 27.54 96.28 3.75 23 .43 105.04- 1. 45 
Min Rl 76.63 0.00 123.82 0.00 27.18 0 . 00 107.62- 4.03 
Hin R2 54 . 07 22.56 61. 31 62 . 51 10.93 16.25 106. 40- 2.81 
Mi n Rl C 76.63 0.00 123.82 0.00 27.18 0.00 107.62- 4.03 
Min R2 C 54 .07 22. 56 61.31 62.51 10.93 16.25 106. 40- 2.81 
P. 59. 23 17.40 19.55 104.27 l. 46- 28.64 103. 59- o.oo 
Land B: 
Con Rl 58.53 18.13 108. 29 15.61 18.28 9.11 127 .41- 24.52 
Con R2 52.50 24 .16 60.56 63. 34 10.61 16.78 105.29- 2.40 I--' 
Con R3 51. 29 25.41 27.26 96.64 3.50 23.89 102.89- 0.00 N 
Con Rl C 58.5!. lS. 12 ~08. 30 15.60 18.24 9.15 127. 40- 24.51 I--' 
Con R2 C 52.50 24 .16 60. 54 63. 36 10.59 16.SO 105.29- 2.40 
Con R3 C 51.19 25 .47 27 .21 96169 3.44 23.95 102.96- .07 
Con Rl T 43. 33 )). 33 95°. 24 28.66 10. 32 17 .07 139.93- 37.04 
Con R2 T 38.15 38.51 46. 72 77 .18 3.26 24 . 13 117.71- 14.82 
Con R3 T 37 .14 39.52 11..68 109. 22 3.51- 30.90 115.12- 12.23 
Min Rl 76 .55 .01 123. 89 .01 27.39 O.O'J 104 . 7E- l.87 
l!in ?.2 53.80 22.86 61. 63 62 .27 11.11 16. 28 103 .66- . 77 
Min Rl C /6.66 0.00 123. 90 0 .00 27. 38 .01 104. 75 - 1. 86 
!!in ::2 c 53. 75 22.91 61.59 62. 32 5.63 21. 76 103. 72- .83 
~in iU T 61. 68 14. 98 106.16 15.74 19.58 7.81 117 . 06- 14.17 
~tin R2 T 39. 45 37.21 47.79 76. 11 3. 76 23. 63 116.09- 13. 20 
P. 56. 17 20.49 18.03 105.87 2.68- 30.07 103.09- .20 
Land C: 
Con Rl 47.04 18.13 95.18 15 .61 12.97 9.08 124.24- 28. 13 
Con R2 45.45 19. 72 54.57 56.22 7.84 14 . 21 99.94- 3.83 
Con R3 46.31 18.86 25.55 85.24 2.27 19. 78 96 .11- o.oo 
Con Rl T 15.25 49.92 60.34 50.45 3.51- 25.56 14 7. 35- 51. 24 
Con R2 T 15.70 49.47 25.64 85.15 7 . 18- 29.23 122.89- 26 . 78 
Con R3 T 17.08 48.09 .21- 111. 00 11. 90- 33 . 95 118.64- 22.53 
~·pe I and Type lI product ion costs from Tables A- !. A through A- 4[. and Table A- 9 , along vi.th the ROl'& for l and (Table A-12) 
and ~e rracing costs (Table A-1") where applicable , were subtracted from the respective gross revenues (Table A- 12) to vield Net Income. 
C:ross revenues for terracing activities were taken from Table A-10. Thus for Con Rl, Land Al the net income of $58.76 is equal to 
~26~.77- (77.68) - (73. 00) - (55.42). Opportunity costs were derived by subtracting all the net incomes from the largest net income within 
a land class. 
Table A-13 (Continued) 
cl c2 cl c4 
Land Class 
and Set Opp. Net Opp. Net Opp. Net Opp. 
Farm Practice locooe Cost Income Cost Income Cost Income. Cost 
Min Rl 65 .li 0.00 110. 79 0.00 22.05 o.oo 101. 58- 5.47 
Mio R2 '6.90 18.27 55. 72 55 .07 8.43 13.62 97.65- l. 54 
Min R1 T 3. 68- 68.85 77 .17 33.62 6.04 16.01 132. 66- 36.55 
Mio R2 T 6.43 58 . i 4 26.89 83.89 6.51- 28.56 120.94- 24 .83 
P. -Z.23 27.93 16. 78 94.01 4 . 36- 26.41 97.51- l. 40 
La.'ld 0 : 
Con Rl 33. 28 19.~5 79.61 15. 92 6.74 9.17 125.12- 31. 37 
Con R2 35.62 16 .11 45 . 39 50. lt. 3.80 12.11 98.69- t..94 
Con R3 37.~~ lf .. 49 19. 71 75 .82 . 57- 21. 41 93. 75- 0.00 
Con Rl T 12. 07- 63. 80 28. 43 67.10 16 .06- 31.97 149 . 'Jl - 56.16 
Con ~~ T 6 . 21- 51.9' 3.80 91. 73 16 . 32- 32. 23 123.58- 29 . 83 
Con R3 T 3.59- 55. 32 15.82- 111. 35 19 .15- 35 .06 117. 96- 24 . 21 
~lin Rl 51. 73 o. 0() 95 . 53 0.00 15 . 91 0 . 00 102.05- 8.30 
~o R2 37 . 3() 1- . ~3 46. 71 48. 82 4 . 51, ll. 37 96.59- 2.84 
,_. 
N ~U.n !C ! -.66 , - 45.25 50.28 5.92- 21. 83 125. 25- 31.50 N --.VI 
~~in R1 T 4.20 ' - .53 5. 38 90. 15 15.41- 31 . 32 121.14- 27 . 39 
P. 1.0. 56 li .1 ~ 10.50 85.03 8.19- 24.10 91.61- 2.86 
Lar.d E: 
Con Rl 2.13- !3.09 39.89 15.98 10. 30- 11. 40 136 . 92- 37.56 
Con R2 5.69 . ,_ -. -' 17.53 38 . 34 8.98- 10.08 106.39- 7 . 03 
Con R3 10.Si 0 .00 2.01- 57 .SS 11. 36- 12. 46 99.36- 0 . ()0 
Co:i Rl T 50.02- 60.9cl 14 . 0-- 69 . 94 34. 60- 35.70 164.38- 65.02 
Con !:'.! T 38 .-1- -9.3: 27.14- 33.01 30 . 93- 32.08 134.94- 35.58 
Con R) T n . 74- --· iO 40.57- 96.44 31 . SS- 32.98 127 .57- 28.21 
Min Rl 14.27- .:!5. 23 55. 87 0.00 1. 10- 0.00 113.78- 14 . 42 
~!in R2 8.55 2 . .:.6 19. 05- 74.gz 8 .1 2- 9.22 104.07- 4. 71 
Min Rl T 29.88- -0. 54 3.08- 58.95 24 . 23- 25.33 139. 20- 39.84 
~!in R2 T 31i . 14- .:.; .10 25 ... 2- 81. 29 29.94- 31. 04 132 . 22- 32.86 
P. 9.92 l. 0- 11. 21- 67 .08 19 . 97- 21. 07 104 . 57- 5 . 21 
Land -. .. 
P. 13.!.2- c.oo 25 .33- 0.00 28. 42- 0.00 103.43- 0 . 00 
Land G: 
P. 33.89- 0.00 38.90- 0 . 00 36.38- 0.00 107.35- o.oo 
----
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APPENDIX B: PHYSICAL DATA 
Table 8- l. Derivacioo of Lhe R and l fac tors 
Slope Lengcha 
(feet ) 
100 
150 
200 
250 
2 75 
300 
325 
350 
375 
400 
t.25 
1.50 
total 
Weighted l 
K fa ccor s 8 
.17 
.28 
. 32 
. 37 
.43 
t o cal 
IJeighced K 
Land Class A 
a 
Ac res 
186.:.9 
16482 .06 
10780 . 34 
4478.15 
395.26 
3232:?.30 
32322. 30 
% of 
Toe al 
. 59 
50.99 
33.35 
13 . 85 
l. 22 
!00.00 
: X Slp. 
Length o r 
K Factor 
.59 
101. 98 
83. 38 
55. -0 
5.49 
.3~ 
. 3:? 
Land Class B 
Acres3 
I I .. JS. 45 
I 23296.99 
I lS9661. 76 
I 
I 
188.:!6 
: i9e;•9. 32 
2;t.1.13 
: JS5::>9.52 
:355109 . 52 
% oi 
Total 
.10 
6.05 
-1. 50 
.OS 
5! . 60 
.;o 
!JO. J 
: X Slp . 
Length o r 
K Paccar 
. 15 
12.10 
l'J3 . 75 
.18 
206.-'J 
32-. J(I 
. 32 
. 3:? 
Land Class C 
a 
Ac res 
51.10.69 
I 3013.t.9 
: 123260 . ;g 
I 17818 . 65 
1477. 33 
1662.23 
"ll-' .• a 
59".89 
:57351..3~ 
211. '!: 
2136.11 
1-5,,%. )3 
052.1-
8655 . 12 
11.)7351. 54 
! 
% of 
Total 
3. ~3 
l. 92 
-e. 33 
11. j: 
!.05 
~.62 
. JS 
.!3 
: . 36 
:- .so 
Land Class D 
l X Slp . 
Leogch or 
K f'accor 
a 
Acres 
6 .86 
S. 28 
2:;!. 99 
36 . 79 
3 . :!9 
3.98 
lO . ~8 
~. 71 
303. 38 
. 0002 
.J 38 
.~:?Q3 
. 0015 
. 0236 
. 3255 
2174. 99 
l..124. 70 
7936 . 94 
2 ~ 8093. 47 
81631.06 
1650.35 
L7512. 84 
l----1 -~91:?4.35 
I 
I 
I 
I 
2174.99 
I 3t.8oo. Sl 
30"-7<1. 71 
9656. 43 
75003 . 41 
429124.35 
: of 
Total 
.51 
.96 
1. 85 
64 . 80 
19 . 02 
1. 78 
ll . 07 
:; 1 
'3.11 
- i. 6~ 
:.25 
17 . -8 
% X Slp . 
Length or 
K Factor 
1. 01 
2 .64 
;.:s 
~10 . 62 
66. 58 
6.59 
!-. 29 
:!Ji .)-
.00(1-
. v:~: 
. ::Q 3 
.0083 
. 015:? 
. 3363 
aSlope lengths, K factors and ac r,ages were de rived (rom unpublished d~ta collec ted ;~r tne Southern Iowa Rlver Basin T~oe ~ 
Study, E:RS , SCS . l:SDA , 197~ . T!lis is the most recent survev taken b,· t'ie SCS regarding land us.; in :he southern Iowa area ar:C: ... as oace 
in 19 74. Data ._.as obtained f rom Paul R~sen~errv, ~SDA Collabora:or, Dept. cf Eccnornics . !C"~a S~a:e [nfversicy. 
Table 3-! (Continued) 
La.-id Class E l.a."ld Class !' Land c:ass c .. x Slp. % X Slp . % X Slp. ~ 
Slope Leogtb
4 
% of Length of .. of Length o r l of Length .. 
{ feet ~ Acres a Toal K !'actor Acres a To tal K Factor Acres a Total K Facto r 
100 
150 
200 
250 
275 
JOO 1733.55 2.81 8. 43 
325 
350 212 0. 28 3.L.4 12.03 
375 221 .. 6. 78 35.90 13:.. 62 1159.60 14. 73 55.24 
!.O: 35693. l.5 57. 85 231.q 6333. 78 80.t.6 321. 84 464. 39 70. 15 280 . 59 
1.25 
!.5~ 379 .46 4.82 ~ 197.63 29.85 134. 34 
ro:al ~:696.'.)6 :'£71.81. 662.02 
l.'eig:. :c.: 386.50 398.78 ~1:.. 93 
I--' 
N 
\J1 
K !' !._::=! 
• ZE :;:is:.61 30. 93 .()866 3-63.28 ~.:. .oo . !232 46:.. 39 70.15 . 1964 
. 3: :;e i9 . 16 28. 0 5 . 0926 l i2 l. i5 21. 87 .0699 
. - }393.}3 8. -- . C'323 1583. 21 20.11 . 07!.1' 
• !. ; :c 360 . -6 31. JS . lJ-9 1103. 60 1-. 0.? .0603 197.63 29.85 .1284 
t.::~: -:t~6.% -s;i.s~ 66:?.02 
Wei~ : c= " . J.-o5 . 3179 . 3248 
Tab!<> 8-Z. c f AClO r de rt vat ion fo r Con R2 anc! Min 1.2 
) e 0 . , .v -- Reading ~ C-"l 't.:' Soil l.l'ss 'C~ R= S"! ~ !....:s ~ 
Operation a :late a Cu r ve !3 Peri"d El Rat~ x c ·:a!~e R~tio /, ). ii .:: \".a..!.ue - -
Corn Foll O<J ing Mead . 
TP . _'.) " 
Pl c j J< i . 5 : 2. 5 t !> 
'>/ 'li 19 C! 11. 5 ,.!> E . 0002 _) 
- 101 w] C:! 28 l; !> I< .0:2-
HVC . ~ iC 93 C3 !.8 lG !> - ' .l.2635 6 • :l1S.:. .... --
Soybean Follo" hi' Cc:-n 
TP - 15 i% c- 11 i;b . :1 ?3 
Pl B :; : : ') ll'J F L 18 c .... -... 15 . oar, o .. JI -
'~ l~' . 5 S! li.) <.O; ~ ~ : ~ ) ! c .o:;;;: 
'' - _, -\>.) ' - .~::3 '. c! . OS5f ,_ -- i; c H\.B 9 -- 192 53 )8 )3 c . ! : 5 ... . 365- .O'OF . : :,: ; 
Corn fol le>wing Sey. 
TP : :o 2'l5 s~ 13 b5 ~ . Q~- 5 
Pl c S'O! :01.s !' 2. 5 .. 3 e . :n ·; 3: d .oos 
c 01 "lo Cl 11. 5 76 e .:,s-- 43 f .0~9-- :l! 2!. i C:! '.?S r,r. e .!~S ~ 3 r . 1:~05 
ii\'C : ,) :o 295 CJ 48 3: .. . : ~ s~ .~90~ 1 Q f . 091: 
,..... . - . . N 
c;.. 
Oa t s Fol lowing Corn 
Disk - /0 1 302.5 c~ 7. 5 36 e ·r· 36 f . 02; 
Seed .!. ' :) 30- r l. 5 
;, :o 310 01 6 20 '.?(' .01: 
b 10 32,.) o: l,. 5 12 . '.J: : l~ .021 
Combine ; 110 35l. 03 26.5 : • 0:'.13 J 2 .00)) 
'1'10 386 o~ 32 2 .006- .071 i 2 .006-
0110 486 !-! l • 4 . 00- .0•): 
9110 586 'I l .. .%- • 4 .00-
TP-Corn ~'20 605 F 19 • 4 .ooc.-~ .0088 . 4 .0007~ --
total l.0716 . ;330 
Ann ual Aver . c \·al ue for r ~tat ion . 178 • '.:53 
3 Based upon tht! eXit.il:~ :c 5~"WTI in {n) • po. v - )6). 
bAve rage of ra tios !o r respec t ive periods. 
c:Ave rage of minimum tillage ratios fo r respecl lve per iods. 
dAssumed to be one-'ia l • oi .:onventional t il l.it1•' va !ue. 
eAdjusted up bv l. ~ 3S suggested in ( ' P· t ;n i. -. 
fAdj us ted up by 1. 2 as sugr.es ted in (41. . P· 17')). 
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Table 8-3 . Soil loss calculations with a .LS percent delivery r atio 
Land A 
Con Rl 
Con R2 
Con R3 
Con Rl C 
Con R2 C 
Con R3 C 
Min Rl 
Min R2 
Min Rl C 
Min R2 C 
p 
Land 13 
Con Rl 
Co n R2 
Con RJ 
Con RJ. C 
Con R2 C 
Con RJ C 
Con R1 T 
Con R2 T 
Con RJ T 
Min Rl 
Min R2 
Min Rl C 
Min R2 C 
Min Rl T 
Min R2 T 
p 
Land C 
Con Rl 
Con R2 
Con ID 
R.KLSP b 
11. 43 
11 . 43 
11.43 
6 . 86 
6 . 86 
6.86 
11 . 4 3 
11 . 43 
6 . 86 
6 . 86 
11 .4 3 
34.00 
34 . 00 
34 .01) 
17.00 
17. 00 
17 . 00 
2 . 78 
2 . 78 
2 . 78 
34 . 00 
34.00 
17. 00 
17. 00 
2 . 78 
2 . 78 
34.00 
77 . 32 
77 . 32 
77. 32 
c 
. 36 
.178 
. 032 
. 36 
.178 
.032 
. 25 33 c 
. 098 
. 2533 
.098 
.003 
. 36 
. 1 78 
. 032 
. 36 
.178 
. 032 
. 36 
. 178 
.032 
. 2533 
.098 
. 2533 
. 098 
. 2533 
.098 
. 003 
. 36 
. J 78 
. O'J2 
--- ---- -
Soil Loss 
Tons/ac 
4 .11 
2.03 
. 37 
2 . 47 
1. 22 
. 22 
2 .90 
1.12 
1. 7!. 
. 67 
. 03 
12 . 24 
6 .05 
1.09 
6.] 2 
3. 03 
. 54 
1. 00 
.so 
. 09 
8 . 61 
3 . 33 
4 . 31 
1. 67 
. 70 
. 27 
. 11 
27. 84 
1 3 . 76 
2 . 47 
Sed . Deliv . 
Tons/ac 
. 62 
. JO 
.06 
. 37 
. 18 
. 03 
. 44 
. 17 
. 26 
.10 
.005 
l. 84 
. 91 
.16 
. 92 
. 45 
. 08 
. 15 
. 08 
. 01 
1. 29 
. 50 
.65 
. 25 
. 11 
. 04 
.02 
4.18 
2 .06 
.37 
a 
Sed. Concen . 
-3 10 mg/! 
. 573 
. 277 
.055 
. 342 
.166 
. 028 
. 407 
. 157 
. 240 
. 09 
.005 
1 . 701 
. 841 
.148 
. 851 
. 416 
. 074 
.139 
. 074 
. 009 
1.193 
. 462 
. 601 
. 231 
. 102 
. 037 
. 018 
3. 865 
1. 905 
. 342 
a 
Sediment concentration is explained in (44 , pp . 97-105) . 
b 
R, K, and LS fac tor derivat i ons are exp lained in t he text, p . 35 . 
P factors are taken f r om (6, pp. 59-62). 
c 
C factor for Min Rl i s an average based on the crop r esidue le f t 
on the surface, and is assumed to be 5,000 lb /ac . fo r t he corn years 
and l, 500/ac. for the soybean year s . 
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Table B-3 (Continued) 
Con Rl T 
Con R2 'I' 
Con R3 T 
Min RL 
Min R2 
Min Rl T 
Min R2 T 
p 
Land D 
Con Rl 
Con R2 
Con R3 
Con Rl T 
Con R2 T 
Con RJ T 
M Ln RI 
Min R2 
Min Rl T 
Min R2 T 
p 
Land E 
Con Rl 
Con R2 
Con R3 
Con Rl T 
Con R2 T 
Con R3 T 
Min Rl 
Min R2 
Min Rl T 
Min R2 T 
p 
Land F 
p 
Land C 
p 
RKl.SP 
5 . 61 
5 .61 
5 . 61 
77 . 32 
77 . 32 
5.61 
5 . 61 
77. 32 
173.81 
173.81 
173 . 81 
14 . 21 
14 . 21 
14.21 
173.81 
173.81 
14.21 
14 . 21 
173.81 
325 . 35 
325 . 35 
325 . 35 
28 . 52 
28 . 52 
28.52 
325 . 35 
325 . 35 
28 . 52 
28 . 52 
325.35 
5.L 5 . 34 
677. 34 
Sr tl I l .r1HH 
(_; ___ T<111H/.!_l£_ _ 
. 36 
. L 78 
.032 
. 2533 
. 098 
. 2533 
.098 
.003 
. 36 
. 178 
. 032 
. 36 
.178 
. 032 
. 2533 
.098 
. 2533 
. 098 
.003 
. 36 
. 178 
. 032 
. 36 
. 178 
. 032 
. 2533 
.098 
.2533 
.098 
.003 
. 003 
.003 
2. 02 
1. 00 
,18 
L9 . 59 
7.58 
1.42 
.55 
. 23 
62.57 
30.94 
5 . 56 
5.11 
2 . 53 
. 45 
46.03 
17.03 
3.60 
l. 39 
. 52 
117 .13 
57 .91 
10 . 41 
10. 27 
5.08 
.91 
82 . 41 
31.88 
7. 22 
2 . 79 
.98 
]. 55 
2 . 03 
Sed . Concen . ~)l•d . f)Pl i v . -) 
Tons I a c_: _ __ J_O __ m~g/_l __ _ 
. )0 
. 15 
.OJ 
2 .94 
1. 14 
.21 
.08 
.03 
9 . 39 
4.64 
. 83 
. 77 
. 38 
. 07 
6.60 
2.55 
.54 
. 21 
.08 
17 . 57 
8 .69 
l. 56 
1.54 
. 76 
.14 
12.36 
4. 78 
1.08 
. 42 
. 15 
. 23 
. 30 
. 277 
.139 
.028 
2 . 719 
l. 054 
.194 
.074 
.028 
8 .683 
4.291 
. 768 
. 712 
. 351 
.065 
6.103 
2 .358 
. 499 
. 194 
. 074 
16 . 247 
8 .036 
1.443 
l. 424 
.703 
.129 
11. 429 
4.420 
.999 
.388 
. 139 
.213 
. 277 
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Table B-4. Enrichment ratio calculations 
a 
Runoffb Soil Lossc Soil Loss Enrichment 
Ac . In. Tons/ac. Runoff Ratio 
Land A 
Con Rl 1.158 4.11 3.55 1. 32 
Con R2 .927 2 . 03 2 .19 1. 60 
Con R3 . 730 . 37 . 51 2. 72 
Con Rl c 1.000 2. 47 2. 47 1. 52 
Con R2 c . 8000 1. 22 1. 53 1. 30 
Con R3 c .630 . 22 . 35 3 . 14 
Min Rl 1.158 2.90 2. 50 1.49 
Min R2 .927 1. 12 1. 21 1. 97 
Min Rl c 1.000 1. 74 1. 74 1. 72 
Min R2 c .800 . 67 .. 84 2. 26 
p . 526 . 03 . 06 5.94 
Land B 
Con Rl 1.434 12.24 8 . 54 .95 
Con R2 1.147 6.05 5 . 27 1.15 
Con R3 . 904 1. 09 1. 21 1. 97 
Con Rl c 1. 239 6 .12 4.94 1.17 
Co n R2 c . 991 3 . 03 3 . 06 1.41 
Con R3 c . 780 . 54 . 69 2 .43 
Con Rl T 1.115 1. 00 .90 2 .14 
Con R2 T . 892 . 50 .56 2 . 58 
Con R3 T . 702 . 09 . 13 4 . 39 
Min Rl 1.434 8 . 61 6.00 1. 08 
Min R2 1.147 3 . 33 2.32 1. 50 
Min Rl c 1 . 239 4 . 31 3.48 1. 32 
Min R2 c . 991 1. 67 1. 69 1. 74 
Min Rl T l.ll5 . 70 .63 2 . 42 
Min R2 T . 892 . 27 .30 3 . 20 
p .652 . 11 .17 4.03 
Land C 
Con Rl 1. 7ll 27 . 84 16.27 . 75 
Con R2 1. 368 13 . 76 10.06 . 91 
Con R3 1. 078 2.47 2 . 29 1. 55 
Con Rl T 1 . 330 2.02 1. 52 1. 75 
Con R2 T 1. 064 l. 00 . 94 2 .12 
Con R3 T .838 . 18 . 21 3 .64 
a 
Phosphor us enrichment ratio is derived following the formula in 
(54). 
b 
Runoff is calculated as shown in (6, pp. 81-89) and is based on 
a watershed size of 1 acre. 
c 
Taken from Tab le B-3. 
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Table B-4 (Continued ) 
Runoff Soll Loss Soil Loss Enrichment 
Ac. In . Tons/ac Runoff Ratio 
Min Rl 1. 711 19.59 11 . 45 .85 
Min R2 1. 368 7 . 58 5.54 1.11 
Min Rl T 1. 330 1.42 1. 07 1. 98 
Min R2 T 1. 064 . 55 . 52 2.60 
p . 778 . 23 . 30 3.25 
Land D 
Con Rl 2.000 62 . 57 31. 29 .59 
Con R2 l. 600 30.94 19 . 33 . 71 
Con R3 1. 260 5 . 56 4.41 1. 22 
Con Rl T l. 555 5.11 3 . 29 l. 32 
Con R2 T 1. 244 2.53 2. 03 1. 59 
Con R3 T . 979 . 45 . 45 2 . 7 5 
Min Rl 2.000 44.03 22.02 .66 
Min R2 1.600 17.03 10 . 64 .87 
Min Rl T 1. 555 3.60 2. 32 1. 49 
Min R2 T 1. 244 1. 39 1.12 1. 96 
p .909 . 52 . 57 2. 56 
Land E 
Con Rl 2.245 117.13 52.17 . 49 
Con R2 1. 796 57 . 91 32. 24 .59 
Con R3 1.414 10. 41 7. 36 1. 01 
Con Rl T 1 . 745 10.27 5.89 1. 06 
Con R2 T 1. 396 5. 08 3. 64 1. 29 
Con RJ T 1. 099 . 91 .83 2 .20 
Min Rl 2 . 245 82 . 41 36 . 71 .55 
Min R2 1. 796 31 . 88 17 . 75 . 72 
Min Rl T 1. 745 7. 22 4 . 14 1. 20 
Min R2 T 1. 396 2.79 2 . 00 1. 59 
p 1.020 . 98 . 96 2.11 
Land F 
p 1.140 1. 55 1.36 .185 
Land c 
p l. 211 2.03 ]. 68 l. 71 
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Table B-S. Phosphorus l oss calculations 
Phos . Phos . Co ne .a 
P % ofb c Soil L. c Deliver ed Phos . P . Loss -6 
Soil E. R. T . /ac lb/ac 1S% D. R. 10 mg/l 
Land A 2 
Con Rl . OS 1. 32 4 .11 S. 43 . 814 . 0188 
Con R2 1. 60 2.03 3 . 2S . 487 . 0113 
Con R3 2 .7 2 . 37 1. 01 . 151 . 0035 
Con Rl c 1. S2 2.47 3 . 7S . S63 . 0130 
Con R2 c 1. 30 1. 22 1. S9 . 238 . OOS5 
Con R3 c 3 .14 . 22 .. 69 . 104 . 0024 
Min Rl 1.49 2. 90 4 . 32 .648 .0150 
Min R2 1. 97 1.12 2. 21 .331 . 0077 
Min Rl c 1. 72 1. 74 2.99 . 449 . 0104 
Min R2 c 2.26 . 67 1. Sl .227 . 0052 
p S.94 . 03 . 18 . 027 .0006 
Land B 
Con Rl .OS . 9S 12. 24 11 . 63 1. 744 . 0403 
Con R2 1. 15 6.0S 6 . 96 1. 044 .0241 
Con R3 1. 97 1. 09 2.lS . 322 . 0074 
Con Rl C 1.17 6 .1 2 7 .16 1.074 . 0248 
Con R2 C 1. 41 3.03 4 . 27 .641 . 0148 
Con RJ C 2. 43 . S4 1. 31 .197 . 0046 
Con Rl T 2. 14 1. 00 2. 14 .321 . 0074 
Con R2 T 2. S8 .so 1. 29 . 194 . 004S 
Con RJ T 4 . 39 .09 . 40 .059 . 0014 
Min Rl 1. 08 8.61 9.29 1. 395 . 0322 
Min R2 1. so 3.33 s.oo .749 . 0173 
Min Rl c 1. 32 4 . 31 5 . 69 . 853 . 0197 
Min R2 c 1. 74 1. 67 2. 91 . 436 . 0101 
Min Rl T 2. 42 .70 1. 69 . 254 .OOS9 
Min R2 T 3.20 . 27 .86 .130 .0030 
p 4 .03 .11 .44 .066 .OOlS 
La nd c 
Con Rl .OS .75 27.84 20 . 88 3 .132 . 0724 
Con R2 . 9 L 13 . 76 12. 52 1. 878 . 0434 
Con R3 L. 5 5 2. 47 3.83 . 574 . 0133 
aPhosphorus concentration is exp lained i n the text on page 40 . 
The amounts s hown here are calculated for use only when the sed iment 
concentration cons traint i s set at 10, 000 mg/1 . For each sediment 
constraint level a new set of phosphorus concentrations were cal-
culated as explained in (44 , pp. 97 -lOS). 
b 
from (44 , Derived p . 82) and (S l, p. 204). 
c 
Taken f rom Table B-3. 
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Table B- 5 (Continued) 
Phos. Phos . Cone. 
P % of Phos . Soil L. P . Loss Delivered -6 
Soil E.R . T. /ac lb/ac 15% D.R. 10 mg/l 
Con Rl T . 05 1. 75 2.02 3 . 54 . 530 . 0123 
Con R2 T 2 .12 1. 00 2.12 .138 . 0074 
Con R3 T 3.64 .18 . 66 .098 .0023 
Min Rl . 85 19 . 59 16 . 65 2. 498 . 0577 
Min R2 1.11 7.58 8 . 41 1.262 . 0292 
Min Rl T 1. 98 1.4 2 2.81 . 422 . 0098 
Min R2 T 2 . 60 .55 1.43 . 215 . 0050 
p 3 . 25 .23 .75 . 112 . 0026 
Land D 
Con Rl .05 .59 62 . 57 36 . 92 5.537 .1280 
Con R2 .71 30 . 94 21. 98 3.295 . 0761 
Con R3 1. 72 5.56 6. 78 1 . 017 . 0235 
Con Rl T 1. 32 5 . 11 6 . 75 1.012 . 0234 
Con R2 T 1. 59 2.53 4.02 . 603 .0139 
Con R3 T 2.75 .45 1. 24 .186 . 0043 
Min Rl . 66 44.03 29.06 4 . 359 .1008 
Min R2 . 87 17 . 03 14 . 82 2 . 222 .0514 
Min Rl T 1.49 3 . 60 5.36 .805 . 0186 
Min R2 T 1. 96 1. 39 2 .7 2 .409 . 0095 
p 2.56 . 52 1. 33 . 200 . 0046 
Land E 
Con Rl .05 . 49 117 . 13 57 . 39 8.609 .1990 
Con R2 . 59 57 . 91 34 .17 5 .125 . 1185 
Con R3 1.01 10.41 10.51 1. 577 . 0365 
Con Rl T 1. 06 10.27 10.89 1.633 .0378 
Con R2 T l. 29 5 . 08 6 . 55 . 983 . 0227 
Con R3 T 2.20 .91 2.00 . JOO .0069 
Min Rl . 55 82 . 41 45.33 6 . 799 . 1572 
Min R2 . 72 31.88 22 . 95 3.443 . 0796 
Min Rl T 1. 20 7 . 22 8.66 1. 300 . 0301 
Min R2 T 1. 59 2 .79 4.44 .665 .0154 
p 2.11 . 98 2.07 .310 . 0072 
LClnd r 
r . 05 l.8 5 ]. 55 2.87 . 430 . 0099 
L., nd C: 
p .05 J • 7 J 2.0J 3 . 47 . 521 . 0120 
Table B-6 . 
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a Sediment and phosphorus constraints 
Sed iment Level 
(mg/ l ) 
10 ,000 
9,000 
8,000 
7,000 
6,000 
5,000 
4,000 
3,000 
2,000 
1, 000 
500 
250 
150 
75 
37 . 5 
Phosphorus Level 
(mg/l) 
0.600 
0.594 
0.586 
0.580 
0 .555 
0 . 522 
0 .476 
0 . 413 
0 . 328 
0 . 209 
0 . 127 
0.075 
0 . 049 
0 . 028 
0.016 
a 
Taken from (44 , p. 183) . 
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Table B-7A. Energy consumption--Con IU (thousand BTU/acre) 
a 
Mach. Mfg. 
& Dis t. 
. a 
Repair 
Mfg. & Dis t . 
b 
Fuel: 
NT Diesel 
Gas 
C Diesel 
Gas 
T Diesel 
Gas 
Herbic ide: c 
NT & C 
T 
I nsec tide: c 
NT & C 
T 
Fertilizer:c 
NT Nit . 
NT Phos . 
NT Potas . 
T Nit . 
T Phos. 
1' Potas. 
A 
1,016 
273 
1 ,059 
1,059 
229 
142 
3,111 
342 
56 
Land Classes 
B 
1,016 
273 
1,217 
1,165 
1,127 
229 
222 
142 
137 
3 ,111 
342 
56 
3,010 
331 
54 
c 
1,016 
273 
1,349 
1,139 
229 
208 
142 
129 
3 ,111 
342 
56 
2,828 
311 
so 
D 
1, 016 
273 
1,603 
1 ,151 
229 
185 
142 
ll5 
3,111 
342 
56 
2 , 516 
276 
45 
E 
1,016 
273 
1,789 
1 ,174 
229 
174 
142 
108 
3,lll 
342 
56 
2 , 360 
259 
42 
8
The me thod used to cal culate energy cons umption in machinery and 
repairs i s taken from (12) using an inflation rate of 1.56 for the 
1963-1974 period. Cal culations are therefore based on 40,885 BTU/$ 
over a 10 year machinery li fe and over 320 acres. 
b Fuel cons umption was taken from Tables A-2A through A- 2E, with , 
BTU/gal. estimates taken from (52 , pp. 250-251). 
c 
Derived from (62) . 
Table B- 7A (Continued) 
D . e rying 
Haulingf 
Terraceg 
Construction 
Total 
NT 
c 
T 
A 
767 
88 
7,081 
7 , 081 
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B 
753 
88 
48 
7 , 225 
7, 173 
7,058 
La nd Classesd 
c D E 
690 626 507 
88 88 88 
77 107 1 23 
7 ' 294 7,485 7 ,551 
6 , 808 6,398 6 , 123 
d Ene r gy consumption levels fo r land classes F and G a r e based on 
assumed machinery sets as described in Table A-11 and on the assumption 
that the hay is grown to be sold, and not to be used for grazing pur-
poses . 
e 
Based on 95,000 BTU/~al . LP gas a nd 9 bu . /ga l. to dry corn . 
f 
Hauling i s based on the assumtpion that hauling distance i s 3 
mi les . 
f,Energy consumption for terraces and gully control structures a r e 
ass umed to be the same. Howeve r, terraces are designe d to last 20 
year s , whi l e the structur es are designed for 50 years . The approach 
used to estimate t he e ne r gy use he r e is based on information contained 
i n (11, Sec . 3 , p . 36 : Sec . 4, pp . 16 , 22-26 ; Sec . 28, p . 26) and from 
private communica tion wit l1 Tom Colvin, De partment of Agric ultura l En-
gineering , Iowa State University, J a nua r y , 1977. Estimates also 
ass umPd ;in nver agc bulldozer life of 10,000 hours and the SCS es timate 
of 1 c ubic yn r d of enr th per lineal foot . 
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Table B-7B . Energy cons umption--Con R2 (thousand BTU/acre) 
---
Land Classes 
A B c D E 
Mach. Mfg. 
& Dist. 545 545 545 545 545 
Repair 
Mfg . & Dist. 130 130 130 130 130 
Fuel: 
NT Diesel 463 539 612 699 785 
Gas 209 243 276 315 354 
c Diesel 463 514 
Gas 209 232 
T Diesel 498 512 503 515 
Gas 224 231 227 232 
Herbicide: 
NT & C 151 151 151 151 151 
T 146 137 122 115 
Insecticide : 
NT & C 53 53 53 53 53 
T 51 48 43 40 
Fertilizer : 
NT Nit . 1,222 1, 222 1,222 1,222 1,222 
NT Phos . 312 312 312 312 312 
NT Potas . 69 69 69 69 69 
T Nit. 1.183 1 . 111 988 927 
T Phos . 302 283 252 236 
T Potas. 67 63 56 53 
Drying 384 376 345 313 253 
Hauling 88 88 88 88 88 
Terrace 
Construction 48 77 107 123 
Total 
NT 3 ' 624 1 , 727 3,802 3,896 2 ,961 
c 3, 624 3,691 
T 3,656 3,569 3,373 3,256 
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Table B- 7C . Energy consumption--Min Rl (thousand BTU/acre) 
---- -- ---- - ---- ---· 
Land Classes 
A B c D E 
Mac h. Mfg. 
& Dist . 673 673 673 673 673 
Repair 
Mj:g . & Dist . 176 176 176 176 176 
Fuel: 
NT Diesel 
Gas 671 750 844 950 1 , 069 
c Diesel 
Gas 671 724 
T Diesel 
Gas 724 787 858 937 
llcrhi c ide: 
NT & C 305 305 305 305 305 
T 296 278 24 7 232 
Insect le lde: 
NT & C 142 142 l 42 142 142 
T 137 129 115 108 
Fertilizer : 
NT NH . 3, 111 3, 111 3,111 3 ,111 3 ,111 
NT Phos . 342 342 342 342 342 
NT Potas . 56 56 56 56 56 
T Nit . 3,010 2, 828 2 , 5k5 2,360 
T Phos . 331 311 276 259 
T Potas . 54 50 45 42 
Drying 767 753 690 626 507 
Hauling 88 88 88 88 88 
Terrace 
Construc t ion 48 77 107 123 
Tota L 
NT 6,331 6,395 6,325 6,468 6 ,468 
c 6,331 6,296 
T 6,289 5 ,986 5 , 727 5,505 
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Table B-7D. Energy consumption--llin R2 (thousand BTU/acre) 
----
Land Classes 
A B c D E 
Mach . Mfg . 
& Dist . 503 503 503 503 503 
Repair 
Mfg. & Dist . 121 121 121 121 121 
Fuel: 
NT Diesel 269 301 349 394 450 
Gas 119 133 154 174 199 
c Diesel 269 291 
Gas 119 128 
T Diesel 291 322 352 391 
Gas 128 142 156 172 
Herbicide : 
NT & C 234 234 234 234 234 
T 227 213 190 178 
Insecticide: 
NT & C 53 53 53 53 53 
T 51 48 43 40 
Fertilizer: 
NT Nit. 1,222 1,222 1,222 1,222 1,222 
NT Phos . 312 312 312 312 312 
NT Potas. 69 69 69 69 69 
T Nit. 1,183 1,111 988 927 
T Phos. 302 283 252 236 
T Potas. 67 63 56 53 
Drying 384 376 345 313 253 
Hauling 88 88 88 88 88 
Terrace 
Construction 48 77 107 123 
Total 
NT 3,373 3,412 3,449 3,482 3 ,504 
c 3,373 3,397 
T 3,370 3,274 3, 072 2,949 
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Table B-7E. Energy consumption--Con R3 (thousand BTU/ acre) 
Land Classes 
A B c D E 
Mach . Mfg . 
& Dist. 443 443 443 443 443 
Repair 
Mfg. & Dist. 136 136 136 136 136 
Fuel : 
NT Diesel 384 433 471 524 566 
Gas 170 191 209 232 250 
c Diesel 384 417 
Gas 170 184 
T Diesel 403 403 387 384 
Gas 178 178 171 169 
Herbicide: 
NT & C 105 105 105 105 105 
T 102 96 85 80 
Insecticide: 
NT & C 36 36 36 36 36 
T 35 33 29 28 
Fertilizer: 
NT Nit. 500 500 500 500 500 
NT Phos . 281 281 281 281 281 
NT Potas . 83 83 83 83 83 
T Nit . 484 455 404 379 
T Phos. 272 256 228 214 
T Potas . 80 76 67 63 
Drying 192 188 172 157 127 
Hauling 88 88 88 88 88 
Terrace 
Construction 47 77 107 123 
Total 
NT 2 , 419 2, 485 2 , 526 2,585 2,615 
c 2,41 9 2,462 
T 2,458 2,411 2,301 2,287 
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Table B-7F . Energy cons urnption--permanent pasture (thousand BTU/acre) 
Mac h. Mfg. 
& Dist. 
Repair 
Mfg. & Dist. 
Fuel 
Herbicide 
Insecticide 
Fertilizer: 
Phos. 
Potas . 
Hauling 
Total 
A 
427 
146 
490 
87 
65 
24 1 
83 
88 
1,628 
B 
427 
146 
579 
87 
65 
241 
83 
88 
c 
427 
146 
666 
87 
65 
241 
83 
88 
Land Classes 
D E 
427 
146 
782 
87 
65 
241 
83 
88 
427 
146 
898 
87 
65 
241 
83 
88 
F 
427 
146 
931 
87 
65 
241 
83 
88 
G 
427 
146 
972 
87 
65 
241 
83 
88 
1,717 1 , 805 1 ,920 2,036 2 , 070 2 , 110 
8
In addition to the assumptions listed in Table A- 11 , energy 
consumption levels for pasture only activities a re assumed to use a 
100 h . p. diesel tractor for the operation , and use 3 .5 gallons of 
diesel fuel per acre. 
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APPENDIX C: RESULTS 

Table C- 2. Linear programming results under conditions of : c3, DR= 15%, E unlimited 
Opp. En. 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed . Pho . En . 
10000-
5000 0 .00 MnRl MnRl MnRl MnRl MnRl MnRl p p 8.141 0.00 0 .00 0.00 
4000 . 172 MnRlC MnRlC II MnRl MnRl II II II 8. 097 0.35 II " 
MnRlG MnRlG 
3000 . 523 II II II 11 II 11 II II 8. 108 II II II ....... .p.. 
w 
2000 1 . 360 " II II MnRl II CnR3 II 
,, 7 . 988 2 . 54 II II 
MnRlCG CnR3G 
MnRlG 
1000 4. 975 II " MnRlC " MnRlG CnR3 II II 7 .213 3 . 90 II 
II 
MnRlCG MnR2G CnR3G 
MnRlT 
500 6 . 924 " " II " 11 II II " 6 . 701 11 II 
II 
250 9 . 442 II 11 MnRlT MnRlT MnR2G p 11 II 6 . 514 4.75 127,38 II 
MnRlCG MnRlG p 
150 14 . 493 11 II II MnRlT MnR2G p p p 6.083 25. 73 103 . 75 II 
p PG PG PG 
PG 
Table C-3. Linear programming results under conditions of: c4 , Dr= 15% , E unlimited 
Opp. En . 
Sed . Cost Land Classes Tr il. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed . Pho. En. 
10000-
1000 1. 562 MnRl p MnRlC CnRJ CnR3 CnR3 p p 5 . 432 0.00 0 . 00 0.00 
p MnR2 
500 3.124 MnRl MnR2 II CnR3 CnR3 CnR3G II II 5.512 5 . 46 II II 
MnR2G p 
p 
250 4.786 II II CnR3C II MnR2G II II " 5.424 7. 13 4. 46 II 
MnRlC p ...... ~ 
MnRlCG ~ 
150 7. 651 II II NnRlCG CnR3G MnR2G p p p 5. 571 43. 77 155. 76 " 
MnRlT p p PG PG PG 
PG 
75 NFS 
37.5 NFS 
Table C- 4. Linear programming results under conditions of: c
2
, DR= 15%, E= 90% 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D r F G BTU Sed. Pho. En . .... 
10000-
5000 7.990 MnRl MnRl MnRlC MnRl MnRl MnRl p p 7. 283 0 . 00 0 . 00 0 .01 
"MnR2 
4000 8.323 II MnRlC II II ¥il1Rl MnRl II II 7. 287 .69 II 
II 
NnRlG MnRlG 
3000 8 . 875 II II II II II II II II 7.297 I I II II 
,...... 
.!:'-
V1 
2000 10 . 033 II II II MnRl MnRlG CnR2G II II 7. 311 4.40 II 
II 
MnRlG ~!nR2 p 
1000 20 . 110 II II MnRlC II MnRlG p II II 6. 913 6.63 II 
II 
MnRlCG MnR2 
MnR2G 
500 25 .469 MnRl II II MnRlG HnRlG II II p 6. 739 15.91 II " 
MnRlT MnT2G PG 
MnRlT 
250 30 . 880 II II MnRlCG MnRlG MnR2G p p II 6 . 734 26 . 92 II 
II 
MnRlT MnRlT MnRlT PG PG 
150 46.842 MnRl II II MnRlT MnR2G II 11 II 5.856 57 . 73 161. 99 II 
MnR2 p 
PG 
Table C-5. Linear programming results under conditions of: c3 , DR= 15% , E= 90% 
Opp . En . 
Sed. Cost Land Classes Tril. Marginal Values 
Level P.il.$ Al A2 B c D E F G BTU Sed. Pho. En . 
10000-
5000 1.969 MnRl MnRlC MnRlC MnRl MnRl MnRl p p 7 . 327 0.00 0 . 00 0.00 
MnR2 
4000 2 . 220 II II " " " CnR3 II " 7. 288 .27 " " 
HnR2 
3000 2. 571 II " " " MnRl CnR3 " " 7.297 .37 " " 
HnRlG 
" II 
\--' 
2000 3.308 " " II NnRl " " II " 7.194 .83 ~ C\ 
MnRlG 
1000 6 . 334 " II " " MnRlG " " " 6 . 491 l. 27 " II 
MnR2 
HnR2G 
500 8.401 II " MnRlC MnRlG MnR2G CnR3 " " 6 . 031 3 . 70 II II 
MnRlCG MnR2 p CnR3G 
250 10 . 504 II II " CnR3 II CnR3G p p 5.863 7 . 52 35 .13 " 
CnR3G p PG l'G 
MnR2G 
150 15 . 290 It " MnRlCG CnR3G MnR2G p II II 5.475 27 . 82 186.49 II 
MnRlT MnR2T p PG 
PG 
Table C- 6 . Linear pr ogramming resu l ts under conditions of: c
4
, DR= 15% , E= 90% 
Opp . En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho . En. 
10000-
1000 1. 736 MnR2 t-f.nRlC MnRlC CnR3 CnR3 CnR3 p p 4 . 888 0 . 00 0 . 00 0.00 
MnRlC MnR2 
500 3 . 482 MnRl MnRlC MnRlC CnR3 CnR3 CnR3G " II 4 . 961 5.53 " " 
MnR2 MnR2C HnR2G p 
250 5 . 259 II 11 MnRlC 11 MnR2G II " 11 4.882 6 . 35 12 . 51 II 
MnRlCG p !-' .!:-
MnR2C -...! 
150 13.898 " 11 MnRlCG MnR2T CnR3T p p p 5 . 014 45 .97 465 . 41 .01 
MnRlT MnR2G PG PG PG 
Table C- 7. Linear programming results under conditions of : C2 , Dr= 15%, E= 75% 
Opp. En . 
Sed. Cost Land Classes Tril. Mar ginal Values 
Level ~li 1. $ Al A2 B c D E F G BTU Sed . Pho. En . 
10000-
4000 23 . 5 79 MnR2 MnRl !!nRlC HnRl !-!nRl CnR2 p p 6 . 069 0 .00 0 . 00 0 . 02 
}!nR2 
3000 23 . 855 II MnRlC II " MnRl CnR2 II II 6 .081 . 75 II 11 
li:nRlG CnR2G 
}fuR2 
2000 24 . 535 II II II " l!nRlG II II II 6 . 093 1.16 II II 
~!nR2 ...... 
NnR2G 1:-::0 
1000 31. 507 II II MnRlC MnRl II p II II 5 . 761 6 . 45 II . 01 
MnRlCG ._!nRlG 
500 35. 778 MnRl " II II II II II II 5 . 662 6.63 " II 
}!nR2 
250 40.361 II ,, MnRlCG ~1nRlG MnR2G p p p 5 . 612 11.13 206. 20 II 
MnRlT MnRlT p PG PG PG 
PG 
150 62. 782 MnR2 " II MnR2T MnR2G II II II 4 . 880 61.60 731.69 . 04 
MnRlT 
NnR2T 
PG 
Table C- 8 . Linear programming results under conditions of: CJ, DR= 15%, E= 75% 
Opp . En. 
Sed. Cost Land Classes Tril . Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho . En. 
10000-
5000 5. 771 MnR2 MnRlC t1nRlC MnRl :MnRl CnR2 p p 6.106 0.00 0.00 0 .00 
l1nR2 
4000 5 . 895 II " II II " II II II 6.073 II " 
ti 
3000 6 . 028 II II II " MnRl CnR3 II II 6.081 .39 " 
II 
MnRlG 
MnR2 ...... .i;,-
'° 
2000 6.719 II II " II " II II II 5. 995 " II 
II 
1000 9 . 217 II " 11 MnRl MnRlG 11 11 II 5.410 .84 ti " 
MnRlG MnR2 
HnR2G 
500 11. 283 II 11 " MnRlG HnR2 CnR3 11 11 5.026 2.37 II 
II 
MnR2 MnR2G CnR3G 
MnR2G p 
250 13.012 MnRl II MnRlC CnR3 Mn.R2G CnR3G p p 4 . 886 7.52 35 . 13 
11 
MnR2 MnRlCG CnR3G p p PG PG 
~1nR2G 
Table C- 9 . Linear programming results under conditions of: Cl, DR= 20%, E unlimited 
Opp. En . 
Sed. Cost Land Classes Tr il. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Phos . En . 
10000-
6000 0.00 MnRl C MnRlC MnRlC MnRl MnRl Cn~3 p p 7.854 0.00 0.00 0.00 
5000 .141 It " It It MnRl " " It 7. 857 . 48 It II 
MnRlG 
4000 . 617 It II II It II II II It 7.864 II II It 
It It II II " II ? . 872 II II It 
I-' 3000 1.092 " II VI 0 
2000 2 . 475 II II " MnRl MnRlG p II II 7. 377 2.18 II II 
MnRlG p 
1000 4 . 659 II II II " " " 11 II 6. 2()() II 11 II 
500 6 . 362 " " MnRlC MnRlG II II II p 5.861 11.61 " II 
MnRlCG p PG 
250 10. 462 II " MnRlCG CnR3G MnR2G p p II 5 . 542 20.87 II " 
MnRlT p p PG PG 
150 17 . 399 II " II CnR3G MnR2G II " " 5 . 751 45.98 158 . 03 II 
CnRlT MnRlT 
Tablr: C- 10. Linear prograrmning results under conditions of : c2, DR= 20%, E unlimited 
Opp. En . 
Sed . Cost Land Classes Tr il. Ma r ginal Values 
Level Mil. s Al A2 B c D E F G BTU Sed . Pho . En . 
10000-
7000 o.oo ~RlC MnRlC MnRlC :!nRl nnRl MnRl p p 8 . 092 0 . 00 0 . 00 0.00 
6000 .062 II II II " II MnRl II II 8. 093 . 24 " 
II 
!nRlG 
5000 . 428 II II II II MnRl II II II 8 . 100 . 44 II II 
MnRlG 
!--' 
4000 . 870 II II II II II II " II 8 . 108 II " II 
VI 
I-' 
3000 l. 46 7 II II " MnRl II II II " 8 . 117 . 99 II II 
MnRlG 
2000 8. 743 II " MnRlC MnRlG MnRlG p " p 7 . 813 12 . 09 II " 
MnRlCG HnRlT MnRlT PG 
1000 20 . 884 II II II II " II II II 7.615 II II II 
500 26.884 II II II " II II II II 7. 516 II II II 
250 36 . 628 II II MnRlCG MnRlT MnRlT p p II 7 . 010 0 . 00 334 . 32 II 
MnRlT PG PG 
150 49 . 531 II II II II MnRlT II II II 6 .113 31. 57 296 . 64 II 
PG 
Table C-11. Linear pr ogramming r esults under conditions of: C3, DR=- 20%, E unlimited 
Opp . En. 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
7000 0.00 MnRlC MnRl MnRl MnRl MnRl MnRl p p 8 . 141 0.00 0.00 0.00 
6000 . 041 " MnRlC MnRlC II II MnRl 11 II 8.093 .14 11 II 
MnRlG 
5000 . 260 II II 11 II MnRl II II II 8.100 . 26 11 II 
MnRlG 
4000 .523 II II 11 II II II II II 8.108 II II II ...... 
VI 
3000 .880 II " II MnRl II II II II 8 . 117 . 59 II II 
N 
MnRlG 
2000 3 . 027 II II MnRlC II Mnfilr, CnR3 II II 7 . 724 2.92 II II 
MnRlCG MnR2G CnR3G 
MnRlT 
1000 5 . 950 II II II II II II It II 6.957 It II II 
500 7. 768 II II It MnRlG MnR2G CnR3G p p 6.609 9.54 II " 
MnRlT MnRlT p PG PG 
250 12 . 128 II " MnRlCG Mn.RlG MnR2G p " II 6 . 252 3.56 95 . 57 II 
MnRlT MnRlT p PG 
150 16.876 II " " MnRlT MnR2G II II II 6. 003 18 . 00 133 . 25 II 
MnRlT 
Table C- 12. Linear programming results under conditi ons of : c" , DR= 20% , E unlimited 
Opp . En . 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
2000 1. 562 MnRl p ~-1nRlC CnR3 CnR3 CnR3 p p 5.432 0 .00 0 . 00 0 . 00 
p MnR2 
1000 1.855 MnRl ~·1nRlC ?1nRlC CnR3 CnR3 CnR3G II II 5.458 2.59 II II 
MnR2C p p 
500 3.845 II II CnR3C II MnR2G p II II 5 . 503 5 .14 
II II 
MnRlC p 
I-' 
250 5 .383 " II CnR3C CnR3 II II II " 5.530 6.43 4 . 60 
11 U1 w 
MnRlCG p 
150 12 . 268 It II MnRlCG CnR3G t-1nRlT p p p 5. 721 27.38 279 . 20 
11 
MnRlT HnR2T PG PG PG PG 
Table C-13 . Linear pr ogramming results under conditions of : cl, DR= 20% , E= 90% 
Opp. En . 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil . $ Al A2 B c D E F G BTU Sed. Ph.o. En . 
10000-
6000 1. 905 MnRl MnRlC MnRlC MnRl MnRl p p p 7 .069 o.oo 0 .00 0 . 00 
p 
5000 1. 900 " II II 11 " II II II 7 . 071 II II " 
4000 1.883 II " II u t! II " II 7 . 078 " " 11 
3000 2 . 179 " II II " MnRl II " " 7 . 084 . '19 " II 
-MnRlG 
I-
p V1 ..,.. 
2000 3. 309 11 II " " " II " II 6.639 II II II 
1000 5 .998 NnRl II " MnRl p II II II 5 . 580 1.11 II 
II 
MnR2 MnRlG 
500 8 . 826 II II MnRlC CnR3 MnR2G 11 II II 5 . 274 13. 46 " . 01 
MnRlCG CnR3G p 
MnRlG 
250 15 . 665 11nR2 II MnRlCG CnR3G NnR2G p p p 4 . 988 33 . 83 489 . 81 . 02 
MnRlC }1nR1T MnR2G MnRlT PG PG PG 
MnR2T PG 
150 33 . 763 MnRl " MnRlT MnR2T CnR3T CnR3T " " 5 .176 85 . 60 1007 . 81 . 04 
MnR2 MnRlT PG 
MnR2T 
PG 
Table C-1 4. Linear programming results under conditions of : c 2 , DR= 2m; , E= 90% 
Opp . En. 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTC Sed. Pho. En . 
10000-
7000 7.990 NnRl NnRlC MnRlC HnRl MnRl MnRl p p 7.283 0.00 0 .00 .01 
MnR2 
6000 8 . 053 II II " II 11 MnRl II II 7 . 284 . 28 
I I II 
'MnRlG 
5000 8.426 II II II II MnRl " 11 II 7.290 . 52 II 
II 
MnRlG 
4000 8 . 874 " " II ll " II ti ti 7.297 II " ti ...... V1 
V1 
3000 9.478 II II ti !.'1nRl II CnR2 II II 7 . 305 1.11 11 II 
~RlG NnRlG 
2000 8. 743 MnRl " NnRlC 11nRlG ~tnRlG p II II 7.813 12.09 II 0.00 
HnRlCG MnRlT MnRlT 
1000 22.356 HnRl 11 HnRlC MnRlG MnRlG II ti II 6 . 853 4 .9 7 ti .01 
MnR2 MnRlCG t-1nR2 MnR2 
MnR2G 
500 2 7. 497 MnRl II MnRlC MnRlG MnR2G II p p 6 . 676 19.53 II 0.00 
t-tnRlCG l1nRlT MnRlT PG PG 
~tnRlT 
250 38 . 437 " II MnRlCG " II p " ti 6 . 309 4.62 242 . 34 
I I 
MnRlT PG 
150 57 . 808 MnRl II II MnR2T MnR2G " II II 5 . 502 42 . 36 371. 36 
ti 
MnR2 MnRlT 
PG 
Table C-15 . Linear programming results under conditions of : C3, DR= 20%, E= 90% 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Leve l Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
7000 1 . 969 MnRl MnRlC MnRlC MnRl MnRl MnRl p p 7.327 0.00 0.00 0.00 
MnR2 
6000 2 .117 " " " 11 11 MnRl II II 7.284 .15 It 11 
MnR2 
5000 2 . 306 11 It 11 11 MnRl CnR3 " " 7.290 .28 " 11 
MnRlG 
4000 2 . 571 " 11 " 11 11 11 11 11 7.297 " " 11 ....... U'I 0\ 
3000 2 . 834 11 " ti " 11 11 " " 7 . 305 " 11 11 
2000 4.518 " " 11 MnRl MnRlG 11 " 11 6.952 .95 11 II 
MnRlG MnR2 
MnR2G 
110001 7.244 11 II " 11 II II II 11 6 . 261 11 11 II 
500 9.236 11 II MnRlC CnR3 MnR2G CnR3G 11 11 5.948 5. 71 11 II 
MnRlCG MnRlG p p 
MnR2G 
250 12.846 11 11 MnRlCG CnR3G MnR2G p p p 5.627 7 .83 62 .58 11 
MnRlT p p PG PG PG 
PG 
150 20.213 11 11 11 MnR2T CnR3T CnR3T 11 11 5.403 19.15 302 . 28 .01 
MnRl T PG 
PG 
Table C- 16 . Linear programming results unde r conditions of : c4, DR= 20io, E= 90% 
Opp . En . 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil. $ Al A2 B c D E F G BTU Sed . Pho. En. 
10000-
2000 1. 736 MnRl MnRl MnRlC CnR3 Cn.R3 CnR3 p p 4 .888 0 . 00 0.00 0.00 
MnR2 MnR2 
1000 2.368 II MnRlC II ti CnR3 II II II 4 . 912 2.34 II II 
MnR2G 
500 4.181 II II MnRlC CnR3 II CnR3 tt ti 4.952 4.16 ti ti 
MnR2C p 
~ 
Vt 
250 7.345 II ti MnRlCG CnR3G CnR3G p p p 4. 977 18.45 298 .85 .01 '-I 
MnRlT MnR2T MnR2G PG PG PG 
p 
PG 
150 19 . 358 ti II ti MnR2T CnR3T II II It 5.149 34.44 349.27 II 
MnR2G 
PG 
Table C- 17. Linear programming resul ts under conditions of: Cl, DR= 20%, E= 75% 
Opp. En. 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
6000 4 .799 MnRl MnRlC MnRlC MnRl MnRl p p p 5.891 0.00 0 .00 0 . 00 
p 
5000 4 . 795 " " " " II " II II 5.892 " II II 
4000 4 .781 " II II II II " " II 5.898 II II II 
f--' 
3000 4.766 II II II II II " II 11 5.904 II II II 
\J1 
<» 
2000 6 . 050 MnRl II II II p II II II 5.532 " II " 
MnR2 
1000 13.478 MnR2 II II MnRlG CnR3 CnR3 " " 4.650 2.06 II .02 
MnR2 MnR2G 
p 
500 22 . 574 II II CnR2CG MnRlG MnR2G CnRJG II p 4 .395 32 .83 II .10 
MnRlC MnR2 MnR2T MnR2T PG 
MnRlCG MnR2T 
Table C- 18. Linear programming results under conditions of : c2, DR= 20%, E= 90% 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.~ Al A2 B c D E F G BTU Sed . Pho . En. 
10000-
6000 23.579 MnR2 MnRlC MnRlC MnRl MnRl CnR3 p p 6. 069 0 . 00 0.00 0.00 
MnR2 
5000 23.482 11 11 II " II " II II 6.075 " II ti 
4000 23.885 II " II II MnRl CnR2 " II 6.081 .56 II ti 
MnRlG CnR2G 
MnR2 
3000 24.326 " II II II MnRlG II II " 6.088 . 87 II II I-' V1 
MnR2 '° 
MnR2G 
2000 28.706 II II II MnRl MnRlG II II II 5 . 860 1.18 " .01 
MnRlG MnR2 
MnR2G 
1000 33.633 MnRl II MnRlC " II p II II 5. 711 4.97 II " 
MnR2 MnRlCG 
500 37.006 ti II II MnRlG MnR2G ti p p 5.637 18 . 04 " II 
MnRlT p PG PG 
250 48.426 " II MnRlCG II MnR2G p II II 5.258 8.36 154.69 " 
MnRlT p PG 
PG 
Table C-19 . Linear progranuning results under conditions of : c3, DR= 20%, E= 90% 
Opp. En. 
Sed. Cost Land Classes Tril Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
7000 5. 771 MnR2 MnRlC MnRlC MnRl MnRl 1 CnR2 p p 6.106 0 .00 0 . 00 0 .00 
MnR2 
6000 5.906 II II " II II II II II 6.070 II " II 
5000 5.887 II II II II II II II II 6.075 II II II 
4000 6.028 II II " II MnRl CnR3 " II 6.081 .29 II II MnRlG f--' 
MnR2 °' 0 
3000 6.295 " " II II II " " II 6.088 II II II 
2000 7.669 II ,, II " MnRlG II II II 5.793 .45 II II 
MnR2 
MnR2G 
1000 10. 106 II II II MnRl MnR2 II ti 5.218 .64 " II 
MnRlG MnR2G 
MnR2 
500 12.001 " II MnRlC CnR3 MnR2G CnR3 " II 4 . 957 2.81 II II 
MnRlCG MnRlG p CnR3G 
MnR2G 
250 17 . 324 MnRl II MnRlCG MnRlG MnR2G p p p 4.689 4 .73 276 . 83 . 01 
MnR2 MnRlT MnR2T MnT2T PG PG PG 
PG 
Table C- 20 . Linear p rogramming r esul ts under conditions of : cl, DR= 25%, E unlimi t ed 
Opp. En. 
Sed . Cost Land Classes Tril . Mar ginal Va lues 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho . En. 
10000-
7000 0.00 MnRlC MnRlC M.nRlC MnRl MnRl CnR3 p p 7 . 854 0.00 0 . 00 0 . 00 
6000 . 236 II " II II MnRl II II II 7.858 .38 " II 
MnRlG 
5000 .617 II '' I I II " II II " 7 .864 " " II 
4000 .997 " II II " II " " II 7.871 " " II 
I-' 
3000 1.635 " " II MnRl MnRl p II II 7 .824 .94 II " 
CT\ 
t-' 
MnRlG MnRlG 
p 
2000 3.348 " " II II MnRlG ll " " 6.906 1. 75 " II 
p 
1000 5 . 094 " " II II " II " " 5.965 11 " II 
500 7.644 " II M.nRlC CnR3G MnR2G II p p 5.598 14 . 88 " 
11 
MnRlCG MnRlG p PG PG 
p 
250 12 . 591 " '' MnRl CG CnR3G NnR2G p 11 11 4.854 38 .54 60.70 
11 
MnRlT p p PG 
PG 
150 29 .344 11 " MnRlT CnRlT CnR3T CnR3T " " 5 . 605 355. 98 3229 . 24" 
MnR2T MnRl T PG 
Table C- 21. Linear programming results under conditions of : C2 , DR= 25%, E unlim.i ted 
Opp . En. 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En . 
10000-
8000 0 . 00 ~nRl MnRl HnRlC MnRl MnRl MnRl p p 8.092 0 .00 0.00 0.00 
7000 .163 II II II I I MnRl MnRl II 11 8 . 095 . 35 11 11 
MnRlG MnRlG 
6000 .516 II 11 11 II II II II II 8 . 102 II II II 
5000 .87 0 II 11 II 11 II II II II 8.108 11 II II 
4000 1.268 11 11 11 MnRl 11 11 11 11 8 .1 14 .79 11 11 
...... 
°' HnRlG N 
3000 4 . 704 II 11 MnRl C MnRlG MnRlG CnR3G 11 II 8 . 003 7.07 11 II 
MnRlCG MnRlT MnRlT MnRlG 
p 
2000 13.577 II II II II 11 p 11 p 7. 774 9 . 67 11 II 
PG 
1000 23 . 249 II 11 11 II 11 11 11 11 7.575 II 11 11 
500 28.733 II II MnRl CG 11 MnRlT p p 11 7.499 16 . 36 11 11 
MnRlT PG PG 
250 42 .55 2 11 11 11 MnRlT MnRlT 11 11 11 6.562 25.37 266 . 22 11 
PG 
150 64 . 558 II 11 MnRlT CnRlT CnR3T CnR3T II II 5.605 279.58 2930 . 66 11 
MnR2T MnRlT PG 
PG 
Table C- 22 . Linear programming results under conditions of: c3, DR= 20'7. ' E unlimited 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
9000 0 .00 MnRl MnRlC MnRl MnRl MnRl MnRl p p 8.141 0 . 00 0.00 0.00 
8000 . 002 ti II MnRl ti " " II " 8.111 .01 II " 
MnRlC 
7000 .101 " 11 MnRlC II MnRl MnRl II II 8 . 095 .21 " 
II 
MnRlG MnRlG 
6000 .312 II II II II II " II II 8.102 11 " 11 
I-' 
5000 .523 II II 11 It II II It II 8.107 II 11 II (j\ w 
4000 .762 " 11 II MnRl II It 11 II 8.114 .47 
It II 
MnRlG 
3000 1.900 II " MnR1c " MnRlG CnR3 II " 7.860 2.15 
11 " 
MnRlCG MnR2 CnR3G 
2000 4.196 II II II " MnRlG II II II 6.869 2.34 II II 
MnR2G 
MnRlT 
1000 6.533 II II II II " 11 II II 5.531 " II 
II 
500 8. 715 " " " MnRlG MnR2G CnR3G p p 5.098 7 . 63 " " 
MnRlT MnRlT p PG PG 
250 14.349 " II MnRlCG MnRlT MnR2G p II " 5.515 15.47 69.76 
II 
MnRlT p PG 
PG 
150 21.605 " II MnRlT CnRlT CnR3T CnR3T " " 5.605 77.17 885.85 II 
MnR2T MnRlT PG 
PG 
Table C- 23 . Linear programming results under conditions of : c4 , DR= 25'i., E unlimited 
Opp. En. 
Sed . Cost Land Class es Tril Marginal Values 
Leve l Mi l.$ Al A2 B c D E F G BTU Sed. Pho . En. 
10000-
2000 1. 562 MnRlC MnRlC MnRl C CnR3 CnRJ CnR3 p p 5 .432 0 . 00 0 . 00 0.00 
p MnR2 
1000 2.578 MnRlC II II CnR3 CnR3 CnR3G II II 5 . 396 3 . 27 II II 
MnR2G p 
p 
500 4 . 362 II II CnRJC II MnR2G p II II 3.923 4 . 45 3.04 II 
MnRl C p I-' O'\ 
MnRl CG ~ 
250 7 .433 II II MnRl CG CnR3G MnR2G p p p 4.854 26.31 104.8 3 II 
MnRl T p p PG PG PG 
PG 
150 17 . 894 II II MnRlT CnRl T CnRJT CnR3T II II 5 . 605 38.99 837.33 II 
MnR2T MnRlT PG 
PG 
Table C-24. Linear programming r esults unde r conditions of : cl, DR= 25%, E= 90% 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil. $ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
7000 1.905 MnRl MnRlC MnRlC MnRl MnRl p p p 7. 069 0 . 00 0.00 0.00 
p 
6000 1. 897 II II II II II II II II 7 .072 II II If 
5000 1.883 II II II " II " II II 7.078 II II II 
4000 2.084 II If " If MnRl If If If 7.084 .40 If If 
MnRlG ,..... 
a-p 1.,, 
3000 2 .533 If II If II If II II If 7.042 II If If 
2000 4. 114 If II " If If If If " 5.216 If " II 
1000 6 .732 II If If MnRl MnR2G If If If 5 . 369 .88 II II 
MnRlG p 
500 9.127 If II MnRl MnRlG If " II If 5.038 3.95 If II 
MnRlG p 
250 24.296 MnRl II MnR2CG MnR2T CnR3T p p p 4.369 0 . 00 1224.96 .o~ 
MnR2 MnRlT MnR2G PG PG PG 
PG 
Table C- 25 . Linear programming results under conditions of: c2, DR= 25%, E= 90% 
Opp. En . 
Sed. Cos t Land Classes Tr i l. Marginal Va l ues 
Level Mi l.$ Al A2 B c D E F G BTU Sed . Pho . En. 
10000-
8000 6 .416 MnRl C MnRl MnRlC MnRl MnRl MnRl p p 7 . 283 0 . 00 0 . 00 . 01 
MnR2G 
7000 6 . 393 fl fl fl fl II If II fl 7. 286 fl II II 
6000 6 .428 II MnRlC II fl ti MnRl If If 7.291 .22 fl II 
MnRlG 
5000 6 . 708 If fl fl " MnRl " '' If 7.297 . 40 " fl 
MnRlG I-' 
MnR2G °' °' 
4000 7.063 " II " " ti fl fl ti 7.303 " " " 
3000 8.381 " fl fl MnRl fl II fl " 7 . 202 .86 " " 
MnRl G 
2000 13.816 II " MnRlC MnRl G MnRl G p " p 6. 960 9 . 62 II 0 . 00 
MnRlCG MnRl T MnR2G PG 
MnRlT 
1000 23.484 fl fl fl fl " 
,, 
" " 6 . 818 " " fl 
500 29 . 095 If II MnRlcG " MnR2G p p " 6. 749 16.28 If fl 
MnRl T MnRl T PG PG 
250 43.546 II If II MnRl T MnR2G If If II 5 . 906 27. 80 225 . 16 II 
MnRl T 
PG 
Table C- 26 . Linear progranmring results under conditions of: C3, DR= 25%, E= 90% 
Opp. En . 
Sed . Cos t Land Classes Tri l. Marginal Values 
Level Mil . $ Al A2 B c D E F G BTU Sed . Pho . En. 
10000-
9000 1. 524 MnRlC MnRl MnRlC MnRl MnRl MnRl p p 7 . 327 0 . 00 0 . 00 0.00 
MnR2G 
8000 1.577 II II II II II II II II 7.300 II II II 
7000 1 . 605 II II II II II II II II 7 . 286 II II II 
6000 1. 637 11 MnRlC 11 II 11 MnRl II 11 7.291 .12 II II 
MnRlG 
..... 
5000 1 .806 II 11 II 11 MnRl 11 11 11 7 . 297 .22 
II II °' -...J 
MnRlG 
MnR2G 
4000 2 . 017 II II II II II II 11 II 7.303 II II " 
3000 2 . 684 11 11 II MnRl 11 CnR3 II II 7.074 .49 II II 
MnRlG MnRlG 
2000 4 .497 II 11 II II II CnR3 II II 6.182 1. 08 11 II 
CnRJG 
MnRl G 
1000 6 . 933 MnR2 11 II II MnR2 CnR3 II 11 4 . 977 . 97 11 11 
MnRl C MnR2G CnR3G 
500 9.477 II II MnRl C CnR3 MnR2G CnR3G II II 4 .589 4 . 57 II 11 
MnRlCG MnRl G p p 
MnR2G 
250 14 .584 MnRlC II MnRlCG CnR3G MnR2G p p p 4 . 964 14.62 92.84 II 
MnRl T MnRl T p PG PG PG 
p PG 
Table C- 27. Linear programming results under conditions of : c4 , DR= 25%, E= 90% 
Opp. En . 
Sed. Cost Land Classes Tri l. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho . En. 
10000-
2000 1. 736 MnRl MnRlC MnRlC CnR3 CnR3 CnR3 p p 4.888 0.00 0 . 00 0.00 
MnR2 MnR2 
1000 2 . 634 MnRl MnRlC CnR2C CnR3 CnR3 CnR3 " II 4 . 856 3.08 ti II 
MnRlC MnR2G p 
MnR2C 
500 4.904 MnRl II MnRl C CnR3G MnR2G p " p 3 . 531 13 .49 II II 
MnR2 MnR2C p p PG ..... 
MnRl T °' CXl 
250 13.490 II II MnRlT MnR2T CnR3T p p II 4 .369 0.00 508.83 .01 
MnR2G PG PG 
p 
PG 
Table C-28. Linear programming r esults under conditions of: Cl, DR= 25%, E= 75% 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed . Pho. En. 
10000-
7000 4.799 MnRlC MnRl MnRlC MnRl MnRl p p p 5.891 0.00 0.00 0 .00 
p 
6000 4. 792 II II II 11 11 11 II II 5.894 11 II II 
5000 4 .781 II 11 11 11 11 II II 11 5.898 11 II II 
4000 4 .769 II II II 11 11 II II II 5.903 II II II 
t--' 
3000 4 . 855 11 " II 11 11 II II II 5.868 II II II 0-. l.O 
2000 6.973 II II II II MnR2G II II II 5.180 II 11 II 
p 
1000 9. 773 MnR2 MnRlC II MnRlC II II " II 4 .474 . 89 II 11 
MnRlC MnRlG 
500 11.667 MnRlC MnRlC Mn R1c p " " " II 4 . 199 3.96 " II 
p MnRlCG 
Table C-29. Linear programming r esults under conditions of: C2, DR= 25%, E= 75% 
Opp . En. 
Sed . Cost Land Classes Tril. Marginal Values 
Level Mil.$ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
8000 16.039 MnRlC MnRl C MnRlC MnRl MnRl MnRl p p 6.069 0 . 00 0.00 0 . 0 
MnR2G 
7000 16.020 II " " " " " " " 6.072 II " " 
6000 15.893 II " " II II II " " 6.076 II " II 
5000 15.947 II II " II II II " " 6.081 II " II 
4000 15.942 II II II " II MnRl II II 6. 086 . 22 II II 
...... 
--.J 
MnRlG 0 
3000 16.829 II II " II MnRl II II II 6.002 .40 II II 
MnRlG 
MnR2G 
2000 18.852 II II II MnRl " " " " 5.800 . 86 II II 
MnRlG 
1000 23.835 " II MnRlC MnRlG MnRlG p II p 5.681 9.62 " " 
MnRlCG MnRlT MnR2G PG 
MnRlT 
500 29.487 II II MnRlCG " MnR2G p p " 5.624 16 . 28 II II 
MnRlT MnTlT PG PG 
250 48.991 " " " MnRlT MnR2G II " II 4.922 17. 64 486 .13 It 
MnR2T p 
PG PG 
Table C-30. Linear programming results under conditions of: c3, DR= 25%, E= 75% 
Opp. En. 
Sed. Cost Land Classes Tril. Marginal Values 
Level Mil.~ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
9000 3.948 MnRlC MnRl MnRlC MnRl MnRl MnRl p p 6.106 0 . 00 0.00 0 .00 
M.nR2G 
8000 3. 992 II It " II " II II II 6.083 II " " 
7000 4.015 II It " II It II " II 6.072 " " " 
6000 4.006 II " II II II II II II 6.076 II II II 
5000 3.997 II " II II " II II " 6.081 II " II 
...... 
-..J 
t-' 
4000 4 . 006 " MnRlC " " " MnRl II II 6.086 .12 II " 
MnRlG 
3000 4.465 II II II It MnRl II II " 5.895 .22 II " 
MnRlG 
MnR2G 
2000 6 . 063 MnR2 " " II MnRl MnRl II II 5.152 .12 II " 
MnRlC MnR2G MnR2 
1000 9.062 II II II MnRl MnR2 CnR3 II II 4.148 . 97 II II 
MnRlG MnR2G CnR3G 
500 11 .440 II II MnRlC CnR3 MnR2G CnR3G II II 3.824 4.57 II II 
MnRlCG MnRlG p p 
MnR2G 
Table C-31. Linear progranuning results under conditions of: c
4
, DR~ 25%, E= 75% 
Opp. En. 
Sed. Cost Land Classes Tri l . Marginal Values 
Level Mil.~ Al A2 B c D E F G BTU Sed. Pho. En. 
10000-
2000 2.618 MnR2 MnRl MnRlC MnRl CnR3 MnR2G p p 4 . 074 0.00 o. ao o. ao 
MnR2 CnR3 
1000 3.025 MnRl " " CnR3 CnR3 CnR3 " " 4.047 2. 03 II II 
MnR2 MnR2G CnR3G 
500 9 .133 MnR2 MnRlC CnR2CG MnRlG MnR2G MnR2T p p 2 . 942 46 .60 " . 15 
MnRlC MnR2G MnR2T PG PG 
MnRlCG MnR2T t--' 
-...J 
N 
